eee cuk- HONS 2—l\- PO2LOSS 


; American 
Heart Journal 


The international publication for the study of the heart and circulation 


January 1988 Volume 115, Number 1, Part 1 


Dean T. Mason, M.D., Editor-in-Chief 


m CLINICAL INVESTIGATIONS, 1 
~ Infarct vessel status after IV TPA and acute 


PTCA predicts clinical outcome 


PTCA for patients with multivessel CAD: 
Follow-up clinical status 


Recurrent ischemia in the zone of prior 
. myocardial infarction: PTCA of infarct-related 
artery 


Factors that determine the occurrence of 


reperfusion arrhythmias 


Subendocardial oxygen delivery during 
_perfluorocarbon perfusion in myocardial 
ischemia _ 

Plasma catecholamine levels in AMI: Influence of 
beta blockade and relation to central 
hemodynamics , 

Delayed myocardi [Schemia following cessation 
of sympathetic stimulation 

Systemic alkalosis as a provocative test for 
coronary spasm in patients with resting chest 
pain ~ $ 

Decrease in angina frequency by control of 


thrombin generation with low dose heparin: 
Controlled cross-over randomized study 


Reduction in digitalis-associated post-AMI 
mortality with nadolol 


LV function in ischemic mitral regurgitation 


Are 24 hours of Holter monitoring necessary for 
post-AMI patients? 

Sustained efficacy and safety of propafenone for 
ventricular arrhythmias: 2-year experience 
Efficacy of IV amiodarone for acute therapy of 

refractory VT 


Clinical and electrophysiologic effects of 
amiodarone in AF complicating WPW 


P24, 088 


b94 008 


Utility of signal-averaged ECG in patients with 
sustained VT/VF while on antiarrhythmic 
drugs 


Prevalence and clinical correlates of 
non-Wenckebach narrow complex ` 
second-degree AV block detected by Holter 
monitoring- ; 

Irregular ventricular parasystole: Influence of 
sinus rhythm on parasystolic focus 


Evaluation of Bjérk-Shiley prostheses by 2DE 
Doppler flow mapping 


Human myocardial ATPase activities in health 
and heart failure 


CURRICULUM AND PROGRESS IN CARDIOLOGY, 147 

Beta-adrenergic blockers in pregnancy 

Comparison of clonidine vs nifedipine in — 
hypertensive crises 


Rotational atherectomy in atherosclerotic iliac 
arteries 


I vs 2DE in evaluation of segmental LV 
function 
BRIEF COMMUNICATIONS, 176 


EDITORIALS, 205 
When sudden cardiac death is not so sudden: 
Lessons learned from the AICD 


Exercise and sudden cardiac death 


SYMPOSIUM, 213 


Total Ischemic Burden: Evaluation and Therapy 
in Angina 


The C. V. Mosby Company publisher 


St. Louis, Mo., 63146 USA 
ISSN 0002-8703 








TRANDATE 10 


labetal ol H CIA G lax 0 100 mg tablets 


Start your hypertensive patients with 100 mg 
b.i.d. and titrate upward as,necessary* 


(_].Reduces blood pressure in white and*black 
patients? 


CI No significant effect on cardiac output, 2 
serum lipids,34 or renal blood: flow® 


Lipid regulation is not an indication for TRANDATE. Contraindicated in 
bronchial asthma, overt cardiac failure, greater-than-first-degree heart 
block, cardiogenic shock, and Severe bradycardia. Postural hypoten- 
sion (2%) and rare instances‘of syncope have occurred. 

*See DOSAGE AND ADMINISTRATION section of Brief Summary of 
Product Information on next page. 


See next page for references and Brief Summary of Product Information. 
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` of acute hypoglycemia, This is especially important with labi 


TRANDATE® Tablets BRIEF SUMMARY OF 
{labetalol hydrochloride) PRODUCT INFORMATION 


INDICATIONS AND USAGE: TRANDATE® Tablets are indicated in the 
management of hypertension. TRANDATE Tablets may be used alone of in 
combination with other antihypertensive agents, especially thiazide and leop 
diuretics. 

CONTRAINDICATIONS: TRANDATE®S Tablets are contraindicated in 
bronchial asthma, overt cardiac failure, greater-than-first- nee heart block, 
cardiogenic shock, and severe bradycardia (see WARNING: 

WARNINGS: Cardiac Failure: Sympathetic stimulation is a vital 
component supporting circulatory function in congestive heart failure. 
Beta-blockade carries a potential hazard ol further depressing myocardial 
contractility and precipitating more severe failure. Although beta-blockers 
should be avoided in overt congestive heart failure, if necessary labetalol HCI 
can be used with caution in patients with a history of heart failure who are 
well compensated, Congestive heart failure has been observed in patients 
receiving labetalol HCI. Labetalol HCI does not abolish the inotropic action of 
digitalis on heart muscle. 

in Patlents Without a History of Cardiac Fallure: In patients with latent 
cardiac insufficiency, continued depression of the myocardium with 
bela-blocking agents over a period of time can, in some cases, lead to cardiac 
failure. At the first sign or symptam ol impending cardiac failure, patients 
shoutd be fully digitalized and/or be given a diuretic, and the response 

should be observed closely If cardiac failure continues despite adequate digi- 


- talization and diuretic, TRANDATE® therapy should be withdrawn (gradually, 


if possible). 
Exacerbation of Ischemic Heart Disease Following Abrupt 
Withdrawal: Angina pectoris has not been reported upon labetalol KCI - 
discontinuation. However, hypersensitivity to catecholamines has been 
observed in patients withdrawn from beta-blocker therapy: exacerbation of 
angina and, in some cases, myocardial infarction have occurred after abrupt 
discontinuation of such therapy. When Gisconinuing Ewonically 
administered TRANDATE, particularly in patients with ischemic heart disease, 
the dosage should be gradually reduced over a period of one to two weeks, 
and the patient should be carefully monitored. {f angina markedly worsens or 
acute coronary insufficiency develops, TRANDATE administration should be 
teinstituted promptly, at least temporarily, and other measures appropriate for 
the management of unstable angina shauld be taken. Patients should be 
warned against interruption or discontinuation ot therapy without the 
physician's advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue TRANDATE therapy 
abruptly even in patients treated only for hypertension. 
Nonallergic Bronchospasm (eg, chronic bronchitis and 
emphysema}: Patients with sing oer disease should, in 
general, not receive beta-blockers. TRANDATE may be used with cau- 
tion, however, in patients who do nol respond to, or canna! tolerate, other 
arkihypertensive agents. it is prudent, if TRANDATE is used, to use the 
smallest effective dose, so that inhibition of endogenous or exogenous beta- 
agonists is minimized. 
Pheachromocytoma: Labetalot HCI has been shown to be effective in 
lowering blood pressure and relieving symptoms in patients with 
pheochromacytoma. However, paradoxical hypertensive responses have been 
reported in a few patients with this tumor. therefore, use caution when 
administering labetalol HCI to patients with pheochromocytoma. 
Dtabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may 
prevent the appearance of premonitory signs and symptoms fea. be 
e diabetics 
Beta-blockade also reduces the release of insulin ‘in response to hyper- 
Ghee it may theretore be necessary to adjust the dose of antidiabetic 
rugs. 
Major Surgery: The necessity or desirability of withdrawing beta-blocking 
therapy prior to major surgery is controversial. Protracted severe hypotension 
and difficulty in restarting or maintaining a heartbeat have been reported with 
beta-blockers. The eftect of labetalol HCI's alpha-adrenergic activity has not 
been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been 
shown {see Drug Interactions under PRECAUTIONS). 

PRECAUTIONS: General: impaired Hepatic Function: TRANDATE® 
Tablets should be used with caution in patients wilh impaired hepatic 
function since metabolism of the drug may be diminished. 

Jaundice or Hepatic Dysfunction: On rate occasions, tabetatot HCI 
has been associated with jaundice (both hepatic and cholestatic). It is 
therefore recommended that treatment wilh labetalol HC! be stopped immedi- 
atel alely should a patient develop jaundice or laboratory evidence of liver injury. 

-have been shown to be reversible on stopping therapy. 
eens for Patlents: As with all drugs with beta-blocking adii, 
certain advice to patients being treated with labelalol HC! is warranted. This 
information is intended to aid in the sale and elfective use of this medication. It 
is not a disclosure of afl possible adverse or intended effects. While no 
incidence of the abrupt withdrawal phenomenon (exacerbation ot angina pec- 
toris) has been reported with labetalol HCI, dosing with TRANDATE Tablets 
should not be interrupted or discontinued without a physician's advice. 
Patients being treated with TRANDATE Tablets should consult a physician at 
any sign of impending cardiac failure: Also, transient scalp tingling may 
occu, usually when treatment with TRANDATE Tablets is initiated (see 
ADVERSE REACTIONS). 
Laboratory Tests: As with any new drug given over prolonged periods, 
laboratory parameters should be observed over regular intervals. In patients 
with concomitant illnesses, such as impaired renal lunction, appropriate tests 
should be done to monitor these conditions. 
Drug Interactions: In one survey, 2.3% of patients taking labetalol HCI in 
combination with tricyclic antidepressants experienced tremor as compared 
10 0.7% reported to occur with labetalol HCI alone. The contribution of each of 
the treatments to this adverse reaction is unknown. bul the possibility of a 
drug interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator 
effect of beta-receptor agonist drugs in patients with bronchospasm: 
therefore, doses greater than the normal antiasthmatic dose ol beta-agonist 
bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCI. 
Since this could be explained either by enhanced absorption or by an 
alteration of hepatic metabolism of labetalol HCI, special care should be used 
in establishing the dose required for blood pressure control in such patients. 

Synergism has been shown between halothane anesthesia and intrave- 
nously administered labetalol HCI. During controlled hypotensive anesthesia 
using labetalol HCI in association with halothane, high concentrations (3% or 
above) of halothane should not be used because the degree of hypotension 
will be increased and because of the possibility of a large reduction in cardiac 
output and an increase in central venous pressure. The anesthesiologist 


*. should be informed when a patient is receiving labetalol HCI. 


Labetatol HCI biuints the reflex tachycardia produced by nitroglycerin 
without preventing its hypotensive effect. If Jabetalol HCI is used with 
nitroglycerin in patients with angina pectoris, additional antihypertensive 
effects may occur. 
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Drug/Laboratory Test in’ Pvaetlcus The presence of a metabolite ot 
tabetalol in the urine may result v. y increases levels of urinar: 
catecholamines when measured by a nonspecitic trihydroxyindole (THI) 
reaction. In screening patients suspected of having a pheochromocytoma and 
being treated with labetalol HCI, specific radioenzynatic or high performance 
liquid chromatography assay techniques should be used to determine levels 
af calecholamines or their metabolites. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term 
oral dosing studies with labetalol HC! tor 18 months in mice and for 2 years in 
rats showed no evidence of carcinogenesis. Studies with fabetalol HCI using 
dominant lethal assays in rats and mice and exposing microorganisms 
according to modified Ames tests showed no evidence of mutagenesis. 
Pregnancy: Teratogenic Effects: Pregnancy Category C: Teratagenic 
studies have been performed with labetalol in rats and rabbits at oral doses 
up to approximately six and four times the Maximum Recommended Human 
Dose (MRHD), respectively. No reproducible evidence of fetal malformations 
was observed. Increased fetal resorptions were seen in both species at doses 
approximating the MRHD. There are no adequate end well-controlled studies 
in pregnant women. Labetalol should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. 

Nonteratagenic Effects: Infants of mothers who were lreated with labetalol 
HCI during pregnancy did not appear to be adversely affected by the drug. 
Oral administration of tabelaioi to rats during late gestation through weaning 
at doses af two to four times the MRHD caused a decrease in neonatal survival, 
Labor and Delivery: Labetalol HCI given to pregnant women with 
hypertension did not appear to affect the usual course ol labor and delivery. 
Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the 
maternal dose) are excreted in human milk. Caution should be exercised 
when TRANDATE Tablets are administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been 
established, 

ADVERSE REACTIONS: Most adverse effects are mild, transient, and occur 
early in the course of treatment. In controlled clinical trials of 3 to 4 months’ 
duration, discontinuation of TRANDATE® Tablets due to one or more adverse 
effects was required in 7% of all patients. In these same trials, beta-blocker 
control agents ted to discontinuation in 8% to 10% of patients, and a 
centrally acting alpha-agonist in 30% of patients. 

The incidence rates of adverse reactions listed in the following table were 
derived from multicenter controlled clinical trials comparing labetalol HCI 
placebo, metoprolol, and propranolol over treatment periods of 3 and 4 
months. Where the frequency of adverse effects fer labetalol HCI and placebo 
is similar, causal relationship is uncertain. The rates are based on adverse 
reactions considered probably drug-related by the investigator If all reposts 
are considered, the rates are somewhat higher (eg. dizziness 20%, nausea 
14%, fatigue 11%), bul the overall conclusions are unchanged. 











Labelalo! 
HCI Placebo Propranolol Metoprolol 
(N= 227) (N=98) (N=84) (N=49) 
% % % % 
Body as a whole 
fatigue § G 12 12 
asthenia 1 1 1 9 
headache 2 1 1 2 
Gastrointestinal 
` nausea 6 1 1 2 
vomiting <1 0 0 0 
dyspepsia 3 K. 1 0 
abdominal pain 0 0 1 2 
diarrhea <1 0 2 0 
taste distortion 1 a o 9 
Central and Peripheral 
Nervaus Systems 
dizziness ti 3 4 4 
paresthesias <1 0 0 0 
drowsiness <1 2 2 2 
Autonomic Nervous System 
nasal stuffiness 3 D 0 0 
ejaculation failure 2 9 0 8 
impotence 1 5 i 3 
increased sweating <i 9 -0 o 
Cardiovascular 
edema 1 2 0 0 
postural hypotension 1 J 0 0 
bradycardia 0 3 5 12 
Respiratory 
dyspnea 2 D 1 2 
Skin 
iash 1 5 e 8 
Speciat Senses 
„vision abnormatity 1 0 0 0 
vertigo 2 1 0 0 


The adverse effects were reported spontaneously and are representative of 
the incidence ol adverse effects thal may be observed in a properly selected 
hypertensive patient population, ie, a group excluding patients with 
bronchospastic disease, overt congestive heart -allure, or other contraindica- 
tions te beta-blocker therapy. 

Clinical trials also included studies utilizing daily doses up to 2.400 mg in 
more severely hypertensive patients. Certain of ihe side effects increased with 
increasing dose. as shown in the table below which depicts the entire US 
a = data base for adverse reactions that are Clearly or possibly 

lose-relate 


Labetaiol HCI 
Daily Dose (mg) 
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Number of Patients 522 181 606 608 503 117 411 242 175 
Dizziness (%) 2 3 3 3 5 1 9 13 16 
Fatigue 2 1 4 4 5 3 7 6 10 
Nausea <?} 0 1 2 4 0 7 1 19 
Vomiting 0 0 <1 <i <1 @ 1 2 3 
Dyspepsia 1 0 2 1 1 90 2 2 4 
Paresthesias ee | ily la? Ss ee A ae | 
Nasal Stutliness Poet 2 2 22 Ae BE 
Ejaculation Faiture G2 f€ 2 3: °O. 04.3. 5 
Impotence 1 1 14 14 2 4 3 4 #3 
Edema T Ohne i ONS 3 SB 28 








In addition, a number of other Jess common adverse events have been 
reported in clinical trials or the literature: 

Cardiovascular: Postural hypotension. including tarely, syncope. 

Central and Peripheral Nervous Systems: Patesthesias. most lre- ` 
quently described as seaip tingling. In mest cases, it was miid, transient, and 
usually occurred at the beginning of treatment. 

Collagen Disorders: Systemic lupus erythematosus: positive 
antinuclear factor (ANF). 
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syes: Dry eyes. 

immunological System: Antimitochondrial antibodies. 

Liver and Biliary System: Cholestasis with or without jaundice. 

Musculoskeletal System: Muscle cramps: toxic myopathy. 

Respiratory System: Bronchospasm. 

Skin and Appendages: Rashes of various types, such as generalized - 
maculopapular: lichenaid: urticarial: bullous lichen planus: psoriaform, facial 
erythema; Peyronie's disease; reversible alopecia. 

Urinary System: Difficulty in micturition, including acute urinary 
bladder retention. 

Following approval for marketing in the United Kingdom, a monitored 
release survey involving approximately 6,800 patients was conducted for fur- 
ther salety and efficacy evaluation of this product. Results of this survey 
indicate that the type, severity, and incidence o! adverse effects were 
comparable to those cited above. 

Potential Adverse Effects: In addition, other adverse effects not ‘sted 
above have been reported with other beta-adrenergic blocking agents. 

Central Nervous System: Reversible mental depression pragressing to - 
catatonia, an acute reversible syndrome characterized by disorientation lor 
time and place, short-term memory loss, emotional lability, slightly clouded 
sensorium, and decreased performance of neuropsychometrics. 

Cardiovascular: intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Fever combined with aching and sore throat; laryngaspasm; 
respiratory distress. 

Hematologic: Agranulocytosis; thrombocytopenic or nonthrombocyto- 
penic purpura. 

Gastrointestinal: Mesenteric artery thrombosis; ischemic colitis. 

The oculomucoculaneous syndrome associated with the beta-blocker 
piactolel has not been reported with labetalol HCL. 

Clinical Laboratory Tests: There have been reversible increases of serum 
transaminases in 4% of patients treated with tabetalol HCt and tested. and + 
more rarely, reversible increases in blood urea. 

OVERDOSAGE; Overdosage with TRANDATE® Tablets causes excessive 
hypotension which is posture sensitive, and sometimes, excessive 
bradycardia. Patients should be laid supine and their legs raised if necessary 
to improve the blood supply to the brain. 

The following additional measures should be employed if necessary: 
Excessive bradycardia—administer atropine (3 mg). tf there is no response 
to vagal blockade, administer isaproterenal cautiously. Cardiac 
failure—administer a digitalis glycoside and a diuretic. Hypotenstan— 
administer vasopressors, eg. norepinephrine. There is pharmacological evi- 
dence that norepinephrine may be the drug of choice. Bronchospasm 
administer a beta-stimulating agent and/or a theophylline preparation. 

Gastric lavage of pharmacologically induced emesis (using syrup of ipecac) 
is useful for removal of the drug shortly after ingestion. Labelaicl HC! can be 
removed from the general circulation by hemodialysis. 

The orai LDso value of fabetaloi HCI in the mouse is approximately 
600 mg/kg and in the rat is greater than 2 g/kg. The intravenous LDso in 
these species is 50 to 60 mg/kg. 

DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. 
The recommended initial dose is 100 mg twice daily whether used atone or 
added to a diuretic regimen. After two or three days, using standing bload 
pressure as an indicator, dosage may be titrated in increments of 100 mg bid 
every two or three days. The usual maintenance dosage of labetalol HCI is 
between 200 and 400 mg twice daily. 

Since the full antihypertensive effect of labetalol HCI is usually seen within 
the first one to three hours of the initial dose or dose increment, the 
assurance of a lack ol an exaggerated hypotensive response can be clinically 
established in the office setting. The antihypertensive effects of continued 
dosing can be Measured at subsequent visits. approximately 12 hours after a 
dose, to determine whether further titration is necessary. 

Patients with severe hypertension may require from 1,200 to 2.400 mg per 
day, with or without thiazide diuretics. Should side effects (principally nausea 
ot dizziness) occur with these doses administered bid, the same total daily 
dose administered lid may improve tolerability and facilitate further titration. 
Titration increments should not exceed 200 mg bid. 

When a diuretic is added, an additive antihypertensive effect can be 
expected. In same cases this may necessitate a labetalol HC! dosage adjust- 
ment. As with most antihypertensive drugs. optimal dosages of TRANDATE® 
Tablets are usually lower in patients also receiving a diuretic. 

When transferring patients irom other antihypertensive drugs, TRANDATE 
Tablets should he introduced as recommended and the dosage of the existing 
therapy progressively decreased. 

HOW SUPPLIED: TRANDATE® Tablets, 100 mg. light orange, round, 
scored, film-coated tablets engraved on one side with “TRANDATE 100 
GLAXO,” bottles of 100 (NDC 0173-0346-43) and 500 (NDC 0173-0346-44), 
and unit dose packs of 100 tablets (NDC 0173-0346-47). 

TRANDATE Tabiels, 200 mg, white, round, scored, film-coated tablets 
engraved on one side with “TRANDATE 200 GLAXO,” battles of 100 (NDC 
01 73-0347-43), and 500 (NDC 0173-0347-44}, and unit dase packs of 100 
tablets (NDC 0173-0347-47). 

TRANDATE Tablets, 300 mg, peach, round, scared, film-coated tablets 
engraved on one side with "TRANDATE 300 GLAXO," bottles of 100 (NDC 
0173-0348-43}, and 500 (NDC 0173-0348-44), and unil dese Backs of 100 
tablets (NDC 0173-0348-47}. 
ep TE Tablets should be stored between 2° and 30°C (36° and 
TRANDATE Tablets in the unit dose boxes should be protected., 
from excessive moisture. 
©Copyright 1984, Glaxo Inc. All rights reserved. * May 1986 
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Meclical Journals 


Mosby’s specialty publications bring important medical literature to more than 226,000 worldwide subscribers throughout the year. ` 
Mosby journals provide information that progressive physicians need to stay abreast of the latest developments in their specialty. 
Sample copies of journals are available. ; 





* THE JOURNAL of ALLERGY and CLINICAL 
IMMUNOLOGY 
Monthly. Institutions: $100.00; Individuals: $47.50; 
Students, residents: $32.00. Official publication of the 
American Academy of Allergy and Immunology. 


* CLINICAL PHARMACOLOGY & 
THERAPEUTICS 
Monthly. Institutions: $123.00; Individuals: $68.50; 
Students, residents: $45.00. Official publication of the 
American Society for Pharmacology and Experimental 
- Therapeutics and the American Society for Clinical 
Pharmacology and Therapeutics. 


* JOURNAL of THE AMERICAN ACADEMY of 
DERMATOLOGY 
Monthly. Institutions: $113.00; Individuals: $61.00; 
‘Students, residents: $42.00. Official publication of the 
American Academy of Dermatology. 


* THE JOURNAL of HAND SURGERY 
(American Volume) 
Bimonthly. Institutions: $92.50; Individuals: $41.00; 
Students, residents: $25.00. Official publication of the 
American Society for Surgery of the Hand. 


* AMERICAN HEART JOURNAL 
Monthly. Institutions: $106.50; Individuals: $54.00; 
Students, residents: $33.00. 


* HEART & LUNG: THE JOURNAL of CRITICAL 
CARE 
Bimonthly. Institutions: $74.00; Individuals: $21.00; 

` Students, residents: $16.00. Official publication of the 
American Association of Critical-Care Nurses. 


* AMERICAN JOURNAL of INFECTION 
CONTROL f 
Bimonthly. Institutions: $71.00; Individuals: $21.00; - 
Students, residents: $15.00. Official publication of the 
Association for Practitioners in Infection Control. 


' * THE JOURNAL of LABORATORY & CLINICAL 
MEDICINE 
Monthly. Institutions: $118.50; Individuals: $65.00; 
Students, residents: $35.00. Official publication of the 
Central Society for Clinical Research. 


* AMERICAN JOURNAL of OBSTETRICS cad 
GYNECOLOGY 

_ Monthly. Institutions: $111.00; Individuals: $62.50; 
Students, residents: $36.00. Official publication of the 
American Board of Obstetrics and Gynecology, The 
American Gynecological and Obstetrical Society, plus 40 
regional societies. 


Subscription rates quoted are for U.S.A. only. International rates {sur- 
face and airmaii delivery) available upon request. All subscriptions 
are for one-year terms. Subscriptions may begin at any time. To order 
‘your subscription and for more information, contact: 


* OTOLARYNGOLOGY—HEAD and NECK 
SURGERY . 
Monthly. Institutions: $125.00; Individuals: $70.00; 
Students, residents: $45.00. Official publication of the 
American Academy of Otolaryngology-Head and Neck 
Surgery, the American Academy of Otolaryngic Allergy, 
and the American Neurotology Society. 


THE JOURNAL of PEDIATRICS i 
Monthly. Institutions: $103.00; Individuals: $49.50; 
Students, residents: $30.00. 


SURGERY 

Monthly. Institutions: $105.00; Individuals: $52.00; __ 
Students, residents: $32.00. Official publication of the 
Society of University Surgeons, Central Surgical 
Association, and the American Association 

of Endocrine Surgeons. 

THE JOURNAL of THORACIC and 
CARDIOVASCULAR SURGERY 

Monthly. Institutions: $123.00; Individuals: $73.50; 
Students, residents: $45.00. Official publication of the 
American Association for Thoracic Surgery and the 
Western Thoracic Surgical Association. 

JOURNAL of VASCULAR SURGERY _. 
Monthly. Institutions: $106.00; Individuals: $59.50; 
Students, residents: $35.00, Official publication of the 
Society for Vascular Surgery and the International Society 
for Cardiovascular Surgery (North American Chapter). 
THE JOURNAL of HEART 
TRANSPLANTATION 

Bimonthly. Institutions: $62.00; Individuals: $41.00; 
Students, residents: $25.00. Official publication of the 
International Society for Heart Transplantation. 


JOURNAL of THE AMERICAN ACADEMY of 


yu” PHYSICIAN ASSISTANTS 


Bimonthly. Institutions: $38.00; Individuals: $24.00. 
Official publication of the American Academy of Physician 
Assistants. 


JOURNAL of THE AMERICAN WARTY of 


yu” ECHOCARDIOGRAPHY 


Bimonthly. Institutions: $48.00; Individuals: $35. 00; 
Students, residents: $28.00. Official publication of the 
American Society of Echocardiography. 
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CAPOTEN® TABLETS 
Captopril Tablets 


INDICATIONS: Hypertension —CAPOTEN (captopril) is indicated for the treat- 
ment of hypertension. Consideration should be given to the risk of neutropenia/ 
agranulocytosis (see WARNINGS). CAPOTEN may be used as initial therapy for 
patients with normal renal function, in whom the risk is relatively low. In patients 
with impaired renal function, particularly those with collagen vascular disease, 
captopril should be reserved for those who have either developed unacceptable side 
effects on other drugs, or have failed to respond satisfactorily to drug combinations. 
CAPOTEN is effective alone and in combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Heart Failure: CAPOTEN (captopril) is indicated in patients with heart failure who 
have not responded adequately to or cannot be controlled by conventional diuretic 
and digitalis therapy. CAPOTEN is to be used with diuretics and digitalis. 


WARNINGS: Neutropenia/Agranulocytosis — Neutropenia (<1000/mm’) with 
myeloid hypoplasia has resulted from use of captopril. About half of the neutropenic 
patients developed systemic or oral cavity infections or other features of the syndrome 
of agranulocytosis. The risk of neutropenia is dependent on the clinical status of 
the patient: 


In clinical trials in patients with hypertension who have normal renal function 
(serum creatinine <1.6 mg/dL and no collagen vascular disease), neutropenia has 
been seen in one patient out of over 8,600 exposed. In patients with some degree of 
renal failure (serum creatinine at least 1.6 mg/dL) but no collagen vascular disease, 
the risk in clinical trials was about 1 per 500. Doses were relatively high in these 
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told to report any signs of infection (e.g., sore throat, fever); if infection is suspected, 
perform counts without delay. Since discontinuation of captopril and other drugs has 
generally led to prompt return of the white count to normal, upon confirmation of 
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Proteinuria — Total urinary proteins >l g/day were seen in about 0.7% of patients 
on captopril. About 90% of affected patients had evidence of prior renal disease or 
received high doses (>150 mg/day), or both. The nephrotic syndrome occurred in 
about one-fifth of proteinuric patients. In most cases, proteinuria subsided or cleared 
within 6 months whether or not captopril was continued. The BUN and creatinine 
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should be followed closely for the first 2 weeks of treatment and whenever the dose of 
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Small increases in serum potassium concentration frequently occur, especially in 
patients with renal impairment (see PRECAUTIONS). 
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blood pressure. Captopril may be removed from the general circulation by hemodialysis. 
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Your mixed angina patients can become-more 
active...with PROCARDIA® (nifedipine) 
protection. They'll be pain-free more of the 
time and find their need for nitroglycerin 
greatly reduced! They'll be able to work harder, 
exercise more? And be more active participants 
in their own lives once again. 


(NIFEDIPINE) 02r 


Protection in Mixed Angina 


Please see PROCARDIA® (nifedipine) brief summary on next page. 





Brief Summary 
PROCARDIA* (nifedipine capsus For Oral Use 
INDICATIONS AND USAGE: |. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the manage- 
ment of vasospastic angina confirmed by any of the following criteria: 1) classical pattern of angina at rest ac- 
companied by ST segment elevation, 2) angina or coronary artery spasm provoked by ergonovine, or 3) 
angiographically demonstrated coronary artery spasm. In those patients who have had angiography, the pres- 
r * ence of significant fixed obstructive disease is not incompatible with the diagnosis of vasospastic angina, pro- 
vided that the above criteria are satisfied. PROCARDIA may also be used where the clinical presentation # 
e Ing e er. ae oing Í ] Iore suggests a possible vasospastic component but where vasospasm has not been confirmed, e.g., where pain has 
a variable threshold on exertion or in unstable angina where electrocardiographic findings are compatible with 
intermittent EN a or when angina is refractory to nitrates and/or adequate doses of beta blockers. 

Il. Chronic Stable Angina (Cassen Effort-Associated Angina): PROCARDIA is indicated for the manage- 
ment of chronic stable angina (effort-associated angina) without evidence of vasospasm in patients who remain 
symptomatic despite adequate doses of beta blockers and/or organic nitrates or who cannot tolerate those agents. 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled trials of up 
to eight weeks duration in reducing angina frequency and increasing exercise tolerance, but contirmation of 
sustained effectiveness and evaluation of long-term safety in these patients are incomplete 

Controlled studies in smal! numbers of patients suggest concomitant use of PROCARDIA and beta-blocking 
agents may be beneficial in patients with chronic stable angina, but available information is not sufficient to 
predict with confidence the effects of concurrent treatment, especially in patients with compromised left ven- 
tricular function or cardiac conduction abnormalities. When introducing such concomitant therapy, care must 
be taken to monitor blood pressure closely since severe hypotension can occur from the combined effects of 
the drugs. (See WARNINGS.) 

CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA 

WARNINGS: Excessive Hypotension: Although in most palients, the hypotensive effect of PROCARDIA is 
modest and well tolerated, occasional patients have had excessive and poorly tolerated hypotension. These re- 
sponses have usually occurred during initial titration or at the time of subsequent upward dosage adjustment, 
and may be more likely in patients on concomitant beta blockers 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving 
PROCARDIA together with a beta blocking agent who underwent coronary artery bypass surgery using high 
dose fentany! anesthesia. The interaction with high dose fentanyl appears to be due to the combination of 
PROCARDIA and a beta blocker, but the possibility that it may occur with PROCARDIA alone, with low doses of 
fentanyl, in other surgical procedures, or with other narcotic analgesics cannot be ruled out. In PROCARDIA 
treated patients where surgery using high dose fentanyl anesthesia is contemplated, the physician should be 
aware of these potential problems and, if the patient's condition permits, sufficient time (at least 36 hours) 
should be allowed for PROCARDIA to be washed out of the body prior to surgery. t 
Increased Angina and/or Myocardial Infarction: Rarely. patients, particularly those who have severe ob- 
structive coronary artery disease, have developed well documented increased frequency, duration and/or se- 
verity of angina or acute myocardial infarction on starting PROCARDIA or at the time of dosage increase. The 
mechanism of this effect is not established 
Beta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a withdrawal syn- 
drome with increased angina, probably related to increased sensitivity to catecholamines. Initiation of 
PROCARDIA treatment will not prevent this occurrence and might be expected to exacerbate it by provoking 
reflex catecholamine release. There have been occasional reports of increased angina in a setting of beta blocker 
withdrawal and PROCARDIA initiation. It is important to taper beta blockers if possible, rather than stopping 
them abruptly before beginning PROCARDIA 
Congestive Heart Failure: Rarely, patients, usually receiving a beta blocker, have developed heart failure after 
beginning PROCARDIA. Patients with tight aortic stenosis may be at greater risk for such an event. 
PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, 
careful monitoring of blood pressure during the initial administration and titration of PROCARDIA is suggested 


® Close observation is especially recommended for patients already taking medications that are known to lower 
blood pressure. (See WARNINGS. ) 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and 
not due to left ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema 
occurs primarily in the lower extremities and usually responds to diuretic therapy. With patients whose angina 
is complicated by congestive heart failure, care should be taken to differentiate this peripheral edema from the 
effects of increasing left ventricular dysfunction. 


Laboratory tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alka- 


line phosphatase, CPK. LDH, SGOT and SGPT have been noted. The relationship to PROCARDIA therapy is un- 

Capsules 10 mg and 20 mg certain in most cases, but probable in some. These laboratory abnormalities have rarely been associated with 
clinical symptoms, however, cholestasis with or without jaundice has been reported. Rare instances of allergic 
hepatitis have been reported 


Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet ag- 
gregation and increase in bleeding time in some PROCARDIA (nifedipine) patients. No clinical significance for ¢ 


f K 
these findings has been demonstrated. Positive direct Coombs test with/without hemolytic anemia has been 
Effecti V e dosage range reported 


Although PROCARDIA has been used sately in patients with renal dystunction and has been reported to exert 


. a beneficial effect in certain cases, rare, reversible elevations in BUN and serum creatinine have been reported 
IS 30- ] 20 m. a in patients with pre-existing chronic renal insulficiency. The relationship to PROCARDIA therapy is uncertain in 
most cases but probable in some 


Drug interactions: Beta-adrenergic blocking agents: (See INDICATIONS AND WARNINGS ) Experience in 









x z i r over 1400 patients in a non-comparative clinical trial has shown that concomitant administration of PROCARDIA 
For.most patients, start with 10 mg t.i.d., and titrate over 7 to 14 days, and bela-biocking agents is usually wel tolerated, bul there have been occasional literature reports suggesting 
4 4 > eC lay increas f 
using the patient s blood pressure response, attack frequency, a ee ncrease the likelihood of congestive heart tailure, severe hypotension or exacerbation 
i j inj ivi i j i Long-acting nitrates: PROCARDIA may be safely co-administered with nitrates, but there have been no con- 
sublingual nitroglycerin intake and activity level as a guide Titration trolled studies o evaluate the antiang inl effectiveness of this combination 
j j j Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal vol- 
may be more rapid (e g., 3 days) if symptoms warrant and the patient unless The average increase was 45%. Another enia found no increase in digoxin levels in thirteen 
is observed closely. patients with coronary artery disease. In an uncontrolled study of over two hundred patients with congestive 
heart failure during which ann blood ended not paume orans toxicity ves nol obser ee ance 
. . there have been isolated reports of patients with elevated digoxin levels, it is recommended that digoxin levels 
Because PROCARDIA decreases peripheral vascular resistance be monitored when initiating adjusting, and discontinuing PROCARDIA to avoid possible over- or under- 
: i R i digitalization 
(occasional patients have had excessive hypotension), careful T urorin anlicoagutanis There have been rare reports of increased prothrombin time in patients taking cou- 
j i i initi ini j marin anticoagulants to whom PROCARDIA was administered. 
monitoring of blood pressure during initial adm l nistration and : Cimetidine A study in six healthy volunteers has shown a signiticant increase in peak nifedipine plasma lev- 
upward dosage titration is suggested, especially for patients taking els (80% ) and area-under-the-curve (74%) after a one week course of cimetidine at 1000 mg per day and nifed- 


z $ ipine at 40 mg per day. Ranitidine produced smaller, non-significant increases. If nifedipine therapy is initiated 
other drugs known to lower blood pressure. Occasional patients have in a patient currently receiving cimetidine, cautious titration is advised 


. . : : Carcinogenesis, mutagenesis, impairment of fertility: Niledipine was administered orally to rats tor 
developed increased freq uency, duration or severity of angina on two years rtf was nol Sten tobe carcinogente When sont rats prior to mating, nifedipine eed reduced 
starting PROCARDIA or at the time of dosage i ncreases. start ron approximately 30 times the maximum recommended human dose. /n vivo mutagenicity studies ~ 


Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats and embryotoxic in 
rats, mice and rabbits. There are no adequate and well controlled studies in pregnant women. PROCARDIA 
should be used during pregnancy only if the potential benefit justifies the potential risk to the tetus. 

Caz ers a avora e ADVERSE REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral 
edema, nausea, weakness, headache and flushing, each occurring in about 10% of patients, transient hypoten- 

. sion in about 5%, palpitation in about 2% and syncope in about 0.5%. Syncopal episodes did not recur with 

Sa e TO. e reduction in the dose of PROCARDIA or concomitant antianginal medication. Additionally, the following have 
been reported: muscle cramps, nervousness, dyspnea, nasal and chest congestion, shortness of breath, diar- 


rhea, constipation, gastrointestinal cramps, flatulence, inflammation, joint stiffness, shakiness, jitteriness, 


F 7 3 sleep disturbances. blurred difficulties in balance, dermatitis, pruritus, urticaria, fever, sweating, chills. 

Most frequently reported side effects associated with PROCARDIA ah difficulties Hhrmntvacytoneniaanengia leukopenia, pba. alergic hepa gingiva hyperplasia 

i i77i i i depression, paranoid syndrome, transient blindness at the peak of plasma level, erythromelalgia, and arthritis 

therapy, usually mild, are dizziness or lightheadedness, peripheral f wih ANA ( +). Very rarely, introduction of PROCARDIA therepy wasassociated iian increase in anginal pain, 
edema, nausea, weakness, headache and flushing, each occurring in possibly due to associated hypotension 


ny F A f “ x i In addition, more serious adverse events were observed, not readily distinguishable from the natural history 
about 10% of patients; transient hypotension in about 5%: palpitation of the disease in these patients. It remains possible, however, that some or many of these events were drug 
yl o = or related. Myocardial infarction occurred in about 4% of patients and congestive heart failure or pulmonary 
in about 2%; syncope In about 0.5% edema in about 2%. Ventricular arrhythmias or conduction disturbances each occurred in fewer than 0.5% of 
patients. 
HOW SUPPLIED: PROCARDIA sott gelatin capsules are supplied in 
Bottles of 100: 10 mg (NDC 0069-2600-66) orange #260; 20 mg (NDC 0069-2610-66) orange and light brown 
#261 Bottles of 300: 10 mg (NDC 0069-2600-72) orange #260; 20 mg (NDC 0069-2610-72) orange and light 


References: brown #261. Unit dose packages of 100: 10 mg (NDC 0069-2600-41) orange #260; 20 mg (NDC 0069-2610- 
1. Stone PH, Muller JE, Turi ZG, et al: Efficacy of nifedipine therapy in patients with refractory angina 41) orange and light brown #261 
pectoris: Significance of the presence of coronary vasospasm. Am Heart J 1983; 106:644-652 The capsules should be protected trom light and moisture and stored at controlled room temperature 59° to 
2. Morse JR, Nesto RW: Double-blind crossover comparison of the antianginal effects of nifedipine and 77°F (15° to 25°C) in the manufacturer's original container. 
alee in patients with exertional angina receiving propranolol. J Am Coll Cardiol 1985; More detailed professional information available on request Revised June 1986 © 1982, Pfizer Inc mm 
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ISOVUE"-300 
lopamidol Injection 61% 
ISOVUE*-370 
lopamidol Injection 76% 


DESCRIPTION—ISOVUE (iopamidol injection) is a nonionic radiopaque contrast me- 
dia for diagnostic use. The formulations are stable, aqueous, sterile, and nonpyrogenic 
solutions for intravascular administration. Each mL of ISOVUE-300 (iopamidol injec- 
tion 61%) provides 612 mg iopamidol with 1 mg tromethamine and 0.39 mg edetate 
calcium disodium. The solution contains approximately 0.037 mg (0.002 mEq) so- 
dium and 300 mg organically bound iodine per mL Each mL of ISOVUE-370 (iopamidol 
injection 76%) provides 755 mg iopamidol with 1 mg tromethamine and 0.48 mg edetate 
calcium disodium. The solution contains approximately 0.046 mg (0.002 mEq) so- 
dium and 370 mg organically bound iodine per mL. The pH has been adjusted to 6.5 to 
7.5 with hydrochloric acid. 


CONTRAINDICATIONS—None. 


WARNINGS—Use caution in patients with severely impaired renal function, combined 
renal and hepatic disease, or anuria, particularly when larger doses are administered. 
Radiopaque diagnostic contrast agents are potentially hazardous in patients with mul- 
tiple myeloma or other paraproteinemia, particularly in those with therapeutically re- 
sistant anuria. It has been speculated that the combination of the contrast agent and 
dehydration may be causative of anuria in myelomatous patients. This risk is not a 
contraindication; however, special precautions are required. Contrast media may pro- 
mote sickling in individuals who are homozygous for sickle cell disease when injected 
intravenously or intraarterially. Administration to patients known or suspected of hav- 
ing pheochromocytoma should be performed with extreme caution. If the possible 
benefits outweigh the considered risks, the procedures may be performed; however, 
the amount of the medium injected should be kept to an absolute minimum. Assess 
blood pressure throughout the procedure and have measures for treatment of a 
hypertensive crisis available. Monitor such patients very closely. Use caution in pa- 
tients with hyperthyroidism or with an autonomously functioning thyroid nodule be- 
cause of risk of thyroid storm. 


PRECAUTIONS: General—Diagnostic procedures should be carried out under the 
direction of personnel with the prerequisite training and a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available for 
coping with any complication of the procedure, or for emergency treatment of severe 
reaction to the agent itself. After parenteral administration, competent personnel and 
emergency facilities should be available for at least 30 to 60 minutes since severe 
delayed reactions may occur. Preparatory dehydration is dangerous and may con- 
tribute to acute renal failure in susceptible patients. Patients should be well hydrated 
prior to and following administration. Reactions to the medium, including serious, life- 
threatening, fatal, anaphylactoid or cardiovascular reactions, should always be con- 
sidered (see ADVERSE REACTIONS in the product package insert). Patients at 
increased risk include those with a history of a previous reaction to a contrast me- 
dium, a known sensitivity to iodine per se, and a known clinical hypersensitivity (bron- 
chial asthma, hay fever, and food allergies). Pretesting cannot be relied upon to predict 
severe reactions and may itself be hazardous for the patient. A thorough medical 
history with emphasis on allergy and hypersensitivity prior to the injection of any 
contrast medium may be more predictive and accurate than pretesting. Premedication 
with antihistamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. General anesthesia may be indicated in some 
procedures in selected patients; however, a higher incidence of adverse reactions 
has been reported in anesthetized patients, which may be attributable to the inability 
of the patient to identify untoward symptoms, or to the hypotensive effect of anesthe- 
sia which can reduce cardiac output and increase the duration of exposure to the 
agent. Even though the osmolality is low compared to diatrizoate or iothalamate based 
ionic agents of comparable iodine concentration, the potential transitory increase in 
the circulatory osmotic load in patients with congestive heart failure requires caution 
during injection. Observe these patients for several hours following the procedure. In 
angiographic procedures, be aware of the possibility of dislodging plaques or dam- 
aging or perforating the vessel wall during catheter manipulations and contrast me- 
dium injection. Test injections to ensure proper catheter placement are suggested. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis 
have been shown, in vitro, to be less than ionic contrast media at comparable concen- 
trations. For this reason, standard angiographic procedures should always be followed: 
angiographic catheters should be flushed frequently, and prolonged contact of blood 
with contrast in syringes and catheters should be avoided. Perform selective coronary 
arteriography only in those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pulmonary em- 
physema must be weighed against the necessity for performing this procedure. 
Angiography should be avoided whenever possible in patients with homocystinuria, 
because of the risk of inducing thrombosis and embolism. 


Drug Interactions—Renal toxicity has been reported in a few patients with liver dys- 
function who were given oral cholecystographic agents followed by intravascular con- 
trast agents. Administration of intravascular agents should therefore be postponed in 
any patient with a known or suspected hepatic or biliary disorder who has recently 
received a cholecystographic contrast agent. Other drugs should not be admixed 
with iopamidol. 


Drug/Laboratory Test Interactions—PBI and racioactive iodine uptake studies will 
not accurately reflect thyroid function for up to 16 days following administration, how- 
ever T3 resin uptake and total or free thyroxine (T4) assays are not affected. Any test 
which might be affected by contrast media should be performed prior to administra- 
tion of the contrast media. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—in animal reproduction stud- 
ies performed on rats, intravenously administered iopamidol did not induce adverse 
effects on fertility or general reproductive performance. In studies to determine muta- 
genic activity, iopamidol did not cause any increase in mutation rates. 


Pregnancy Category B—No teratogenic effects attributable to iopamidol have been 
observed in teratology studies performed in animals. There are, however, no ade- 
quate and well controlled studies in pregnant women. It is not known whether iopamidol 
crosses the placental barrier or reaches fetal tissues. Because animal studies are not 
always predictive of human response, this drug should be used during pregnancy 
only if clearly needed. Radiologic procedures involve a certain risk related to the 
exposure of the fetus to ionizing radiation. 


Labor and Delivery—It is not known whether use during labor or delivery has immedi- 
ate or delayed adverse effects on the labor, the delivery or the newborn. 


Nursing Mothers-—It is not known whether iopamidol is excreted in human milk. Use 
caution when contrast media are administered to nursing women because of poten- 
tial adverse reactions; consideration should be given to temporarily discontinuing 
nursing. 


Pediatric Use—Safety and effectiveness in children have not been established. 
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ADVERSE REACTIONS—Usually mild to moderate, self-limited and transient. In angio- 
cardiography (597 patients), the adverse reactions with an estimated incidence of one 
percent or higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; brady- 
cardia 1.3%; hypotension 1.0%; hives 1.0%. Intravascular injection is frequently associ- 
ated with the sensation of warmth and pain, especially in peripheral arteriography; pain 
and warmth are less frequent and less severe with ISOVUE (iopamidol injection) than 
with diatrizoate meglumine and diatrizoate sodium injection. The following table of 
incidence of reactions is based on clinical studies with ISOVUE in about 1835 patients. 


Adverse Reactions 


Estimated Overall Incidence 
System > 1% <1% 





Cardiovascular none tachycardia 

hypotension 
hypertension 
myocardial ischemia 
circulatory collapse 

S-T segment depression 
bigeminy 

extrasystoles 

ventricular fibrillation 
angina pectoris 
bradycardia 

transient ischemic attack 
thrombophlebitis 


pain (1.7%) vasovagal reaction 
burning sensation (1.4%) tingling in arms 
grimace 
faintness 


Nervous 


Digestive nausea (1.2%) vomiting 


anorexia 


Respiratory none throat constriction 
dyspnea 


pulmonary edema 


Skin and Appendages none rash 
urticaria 
pruritus 
flushing 


headache 

fever 

chills 

excessive sweating 
back spasm 


Body as a Whole hot flashes (1.5%) 


Special Senses warmth (1.1%) taste alterations 
warmth in throat/arms/chest 
nasal congestion 


visual disturbances 


Urogenital none urinary retention 

Regardless of the agent employed, overall estimated incidence of serious adverse 
reactions is higher with coronary arteriography than with other procedures. Cardiac 
decompensation, serious arrhythmias, or myocardial ischemia or infarction may oc- 
cur during coronary arteriography and left ventriculography. Following coronary and 
ventricular injections, certain electrocardiographic changes (increased QTc, increased 
R-R, T-wave amplitude) and certain hemodynamic changes (decreased systolic pres- 
sure) occurred less frequently with ISOVUE (iopamidol injection) than with diatrizoate 
meglumine and diatrizoate sodium injection; increased LVEDP occurred less frequently 
after ventricular iopamidol injections. In aortography, the risks of procedures also 
include injury to the aorta and neighboring organs, pleural puncture, renal damage 
including infarction and acute tubular necrosis with oliguria and anuria, accidental 
selective filling of the right renal artery during the translumbar procedure in the pres- 
ence of preexisting renal disease, retroperitoneal hemorrhage from the translumbar 
approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myelitis. Adverse effects reported in literature include arrhythmia, arterial 
spasms, hematuria, periorbital edema, involuntary leg movement, malaise, and 
triggering of deglutition; some of these may be procedural. Other reactions due to 
procedural hazards include hemorrhage or pseudoaneurysms at the puncture site, 
brachial plexus palsy following axillary artery injections, chest pain, myocardial 
infarction, and transient changes in hepatorenal chemistry tests; and rarely arterial 
thrombosis, displacement of arterial plaques, venous thrombosis, dissection of the 
coronary vessels and transient sinus arrest. 


General Adverse Reactions To Contrast Media—Reactions known to occur with par- 
enteral administration of iodinated ionic contrast agents (see the listing below) are 
possible with any nonionic agent. Life-threatening reactions and fatalities, mostly of 
cardiovascular origin, have occurred. Reported incidences of death from the admin- 
istration of other iodinated contrast media range from 6.6 per 1 million (0.00066%) to 1 
in 10,000 patients (0.01%). Most deaths occur during injection or 5 to 10 minutes later, 
the main feature being cardiac arrest with cardiovascular disease as the main aggra- 
vating factor. Isolated reports of hypotensive collapse and shock (est. 0.005%) are 
found in the literature. Experience with iopamidol suggests there is much less dis- 
comfort (e.g., pain and/or warmth) with peripheral arteriography. Fewer changes are 
noted in ventricular function after ventriculography and coronary arteriography. The 
reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that for the general population; patients with a history of previous 
reactions to a contrast medium are three times more susceptible. Most reactions to 
intravascular contrast agents appear within 1-3 minutes after the start of injection, but 
delayed reactions may occur (see PRECAUTIONS, General). Adverse reactions 
reported with other intravascular contrast agents and theoretically possible with 
iopamidol include: Cardiovascular: vasodilation, cerebral hematomas, petechiae; Nerv- 
ous: paresthesia, dizziness, convulsions, paralysis, coma; Respiratory: increased 
cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, rhinitis; Skin 
and Appendages: injection site pain usually due to extravasation and/or erythematous 
swelling, skin necrosis; Urogenital: osmotic nephrosis of proximal tubular cells, renal 
failure, pain; Special Senses: bilateral ocular irritation; lacrimation; conjunctival 
chemosis, infection, and conjunctivitis; Other: neutropenia, thrombophlebitis, flushing, 
pallor, weakness, severe retching and choking, wheezing, cramps, tremors, and 
sneezing. 


For full prescribing information consult package insert. (J3-652D) 
Under license from Bracco Industria Chimica S.p.A. U.S. Patent #4,001,323 
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_ Alteplase, recombinant 
_ DESCRIPTION: ACTIVASE® Alteplase, is a tissue plasminogen activator 
_ produced by recombinant DNA technology. It is a sterile, purified glycoprotein 
-of 527 amino acids. It is synthesized using the complementary DNA (cDNA) 
for natural human tissue-type plasminogen activator obtained from a human 
Melanoma cell line. The manufacturing process involves the secretion of the 
- enzyme, alteplase, into the culture medium by an established mammalian cell 
___ line (Chinese Hamster Ovary cells) into which the cDNA for alteplase has been 
etically inserted. 
ACTIVASE® a sterile, white to off-white, lyophilized powder, is intended for 
venous administration after reconstitution with Sterile Water for Injection, 
The quantitative composition of the lyophilized product is: 
20 mg (11.6 million IU) Vial 





Alteplase 20 mg 
(11.6 million IU) 
Gi d L-Arginine 0.7 g 
osphoric Acid 0.5 g Phosphoric Acid 0.2 g 
Polysorbate 80, less than Polysorbate 80, less than 
. 4mg 1.6 mg 
Phosphoric acid and/or sodium hydroxide may be used prior to lyophilization 


H adjustment. 
ological potency is determined by an in vitro clot lysis assay and is 
expressed in International Units as tested against the WHO standard. The 
specific activity of ACTIVASE” is 580,000 IU/mg. 
ICAL PHARMACOLOGY: ACTIVASE® is an enzyme (serine protease) 
hich has the property of fibrin-enhanced conversion of plasminogen to 
plasmin. It produces limited conversion of plasminogen in the absence of 
fibrin. When introduced into the systemic circulation at pharmacologic con- 
tration, ACTIVASE® binds to fibrin in a thrombus and converts the en- 
ped plasminogen to plasmin. This initiates local fibrinolysis with limited 
‘Systemic proteolysis. Following administration of 100 mg ACTIVASE® there is 
decrease (16-36%) in circulating fibrinogen.'2? In a controlled trial, 8 of 73 
patients (11%) receiving ACTIVASE® (1.25 mg/kg body weight over 3 hours) 
rienced a decrease in fibrinogen to below 100 mg/dL? 
____ ACTIVASE® is cleared rapidly from circulating plasma at a rate of 550-680 
„mL/min. ACTIVASE* is cleared primarily by the liver. More than 50% of 
VASE” present in plasma is cleared within 5 minutes after the infusion 
been terminated, and approximately 80% is cleared within 10 minutes. 
Coronary occlusion due to a thrombus is present in the infarct-related 
‘Coronary artery in approximately 80% of patients experiencing a transmural 
ocardial infarction evaluated within four hours of onset of symptoms.** 
patients studied in a controlled trial with coronary angiography at 90 and 
20 minutes following infusion of ACTIVASE® infarct artery patency was 
observed in 71% and 85% of patients (n=85), respectively.’ In a second 
Sludy, where patients received coronary angiography prior to and following 
on of ACTIVASE” within six hours of the onset of symptoms, reperfusion 
_ ofthe obstructed vessel occurred within 90 minutes after the commencement 
therapy in 71% of 83 patients.’ 
< Ina double blind, randomized trial (138 patients) comparing ACTIVASE® to 
‘Placebo, patients infused with ACTIVASE® within 4 hours of onset of symp: 
__ toms experienced improved left ventricular function at day 10 compared to the 
S group, when ejection fraction was measured by gated blood pool 
.2% versus 46.4%, p=0.018). Relative to baseline (day 1) values, the 
t changes in ejection fraction were +3.6% and -4.7% for the treated and 
group, respectively (0=0.0001). Also documented was a reduced 
idence of clinical congestive heart failure in the treated group (14%) 
mpared to the placebo group (33%) (p=0.009); 
n a second double blind, randomized trial (136 patients) comparing 
E" to placebo, patients infused with ACTIVASE® within 2.5 hours of 
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onset of symptoms experienced improved left ventricular function at a mean 
of 21 days compared to the placebo group, when ejection fraction was 
measured by gated blood pool scan (54% versus 48%, p=0.008) and by 
contrast ventriculogram = versus 54%, p=0.002). Although the contribu- 
tion of ACTIVASE® Alteplase, alone is unclear, the incidence of nonischemic 
cardiac complications when taken as a group (i.e, congestive heart failure, 
pericarditis, atrial fibrillation, conduction disturbance) was reduced compared 
to those patients treated with placebo (p < 0.01). 

INDICATIONS AND USAGE: ACTIVASE” is indicated for use in the 
management of acute myocardial infarction (AMI) in adults for the lysis of 
thrombi obstructing coronary arteries, the improvement of ventricular function 
and reduction of the incidence of congestive heart failure. Treatment should be 
initiated as soon as possible after the onset of AMI symptoms (see CLINICAL 
PHARMACOLOGY). 

CONTRAINDICATIONS: Because thrombolytic therapy increases 
the risk of bleeding, ACTIVASE” is contraindicated in the following 
situations: + Active internal bleeding * History of cerebrovascular 
accident + Recent (within two months) intracranial or intraspinal 
Surgery or trauma (see WARNINGS) - Intracranial neoplasm, arte- | 
riovenous malformation, or aneurysm • Known bleeding diathe- q 
sis e Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered 
during ACTIVASE” therapy is bleeding. The type of bleeding associated with 
thrombolytic therapy can be divided into two broad categories: « Internal 
bleeding involving the gastrointestinal tract, genitourinary tract, retroperitoneal 
or intracranial sites e Superficial or surface bleeding, observed mainly at 
invaded or disturbed sites (e.g., venous cutdowns, arterial punctures, sites of 
recent surgical intervention). 

The concomitant use of heparin anticoagulation may contribute to the 
bleeding. Some of the hemorrhagic episodes occurred one or more days after 
the effects of ACTIVASE® had dissipated, but while heparin therapy was 
continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture 
sites may occur. Therefore, thrombolytic therapy requires careful attention to 
all potential bleeding sites (including catheter insertion sites, arterial and 4 
venous puncture sites, cutdown sites and needle puncture sites). 

Intramuscular injections and nonessential handling of the patient should be 
avoided during treatment with ACTIVASE? Venipunctures should be per- 
formed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE® 
it is preferable to use an upper extremity vessel that is accessible to manual 
compression. Pressure should be applied for at least 30 minutes, a pressure 
dressing applied and the puncture site checked frequently for evidence of 
bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the 
infusion of ACTIVASE* and any concomitant heparin should be terminated 
immediately. 3 

Each patient being considered for therapy with ACTIVASE® should be 
Carefully evaluated and anticipated benefits weighed against potential risks 
associated with therapy. 

In the following conditions, the risks of ACTIVASE® therapy may be 
increased and should be weighed against the anticipated benefits: + Recent 
(within 10 days) major surgery, e.g., coronary artery bypass graft, obstetrical 
delivery, organ biopsy, previous puncture of noncompressible vessels « Cere- 
brovascular disease + Recent gastrointestinal or genitourinary bleeding 
(within 10 days) + Recent trauma (within 10 days) e Hypertension: systolic BP 
= 180 mm Hg and/or diastolic BP = 110 mm Hg e High likelihood of left 
heart thrombus, e.g., mitral stenosis with atrial fibrillation * Acute pericarditis 
* Subacute bacterial endocarditis e Hemostatic defects including those sec- 
ondary to severe hepatic or renal disease e Significant liver dysfunction 
e Pregnancy e Diabetic hemorrhagic retinopathy, or other hemorrhagic oph- 
thalmic conditions + Septic thrombophlebitis or occluded AV cannula at 








- acute myocardial infarction and may be managed with stan 
rhythmic measures. If is recommended that antiarrhythmic therapy for brady-, 


seriously infected site e Advanced age, i.e., over 75 years old e Patients cur- 
rently receiving oral anticoagulants, e.g., warfarin sodium ° Any other condi- 
tion in which bleeding constitutes a significant hazard or would be particularly 
difficult-to manage because of its location. F 
Arrhythmias Coronary thrombolysis may result in arrhythmias associated 
with reperfusion. These arrhythmias (such as sinus bradycardia, accelerated 
idioventricular rhythm, ventricular premature depolarizations, ventricular 
tachycardia) are not different from those often seen in the otay ee of 
ard antiar- 


cardia and/or ventricular irritability be available when infusions of ACTIVASE* 
Alteplase, are administered. . 
PRECAUTIONS: General Standard management of myocardial infarctio 
should be implemented concomitantly with ACTIVASE? treatment. Noncom- 
pressible arterial puncture must be avoided (..¢., internal jugular and subcla- 
vian punctures should be avoided to minimize bleeding from noncompressi- 
ble sites). Arterial and venous punctures should be minimized. In the event of 
serious bleeding, ACTIVASE® and heparin should be discontinued immedi- 
ately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of 
ACTIVASE® If an anaphylactoid reaction occurs, the infusion should be 
discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of 
ACTIVASE® has not been documented, readministration should be under- 
taken with caution. Detectable levels of antibody {a single point measurement) 
were reported in one patient but subsequent antibody test results were 
negative 
Laboratory Tests During ACTIVASE® therapy, if et tests and/or 
measures of fibrinolytic activity are performed, the results may be unreliable 
unless specific precautions are taken to prevent in vitro artifacts. ACTIVASE” is 
an enzyme that when present in blood in pharmacologic concentrations 
remains active under in vitro conditions. This can lead to degradation of 
fibrinogen in blood samples removed for analysis. Collection of blood sam- 
ples in the presence of aprotinin (150-200 units/mL} can to some extent 
mitigate this phenomenon. 

Drug Interactions The interaction of ACTIVASE® with other cardioactive 
drugs has not been studied. In addition to bleeding assaciated with heparin 
and vitamin K antagonists, drugs that alter platelet function (such as acetylsali- 
cylic acid, dipyridamole) may increase the risk of bleeding if administered prior 
to, during or after ACTIVASE” therapy. 

Use of Anticoagulants Heparin has been administered concomitantly with 


and following infusions of ACTIVASE* to reduce the risk of rethrombosis.- 


Because either heparin or ACTIVASE® alone may cause bleeding complica 
us careful monitoring for bleeding is advised, especially at arterial puncture 
Sites. 

Pregnancy (Category C) Animal reproduction studies have not been 
conducted with ACTIVASE® it is also not known whether ACTIVASE* can 
cause fetal harm when administered to a pregnant woman or can affect 
reproduction capacity, ACTIVASE® should be given to a pregnant woman only 
if clearly needed. 

Pediatric Use Safely and effectiveness of ACTIVASE™ in children has not 
been established. 

Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term 
studies in animals have not been performed to evaluate the carcinogenic 


- potential or the effect on fertility. Short-term studies, which evaluated tumori- 


TA of ACTIVASE® and effect on tumor metastases in rodents, were 
negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberra- 
tion assays in human lymphocytes were negative at all concentrations tested. 
Cytotoxicity, as reflected by a decrease in mitotic index, wes evidenced only 
after prolonged exposure and only at the highest concentrations tested. 
Nursing Mothers It is not known whether ACTIVASE’ is excreted in human 


milk. Because many drugs are excreted in human milk, caution should be 
exercised when ACTIVASE’ Alteplase, is administered to a nursing woman. 
ADVERSE REACTIONS: Bleeding The most frequent adverse reaction 
associated with ACTIVASE? is bleeding. The type of bleeding associated with 
thrombolytic therapy can be divided into two broad categories: « Internal 
bleeding, involving the gastrointestinal tract, genitourinary tract, retroperito- 
neal or intracranial sites e Superficial or surface bleeding, observed mainly at 
invaded or disturbed sites (e.g., venous cutdowns, arterial punctures, sites of 
recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as 
> 250.cc blood loss) has been reported in studies in over 800 patients 
treated at all doses: 


Total Dose Total Dose 

< 100mg > 100mg 
gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 


The incidence of intracranial bleeding (ICB) in patients treated with 
ACTIVASE® is as follows: 








Number of 
Dose Patients % 
100 mg 3272 0.4 
150 mg 1779 13 
1-1.4 mg/kg 237 0.4 


These data indicate that a dose of 150 mg of ACTIVASE® should not be 
used because it has been associated with an increase in intracranial bleeding. 

Although fatalities due to intracranial bleeding have been observed during 
and after ACTIVASE® therapy, an analysis of data from three controlled clinical 
trials in acute myocardial infarction revealed no evidence of increased overall 
in-hospital mortality. While not statistically significant, in-hospital mortality in 
patients treated with ACTIVASE® was lower (4.7%, 11/232) compared to 
patients not receiving ACTIVASE® (6.8%, 11/162)3 

Should serious bleeding in a critical location (intracranial, gastrointestinal, 
retroperitoneal, pericardial) occur, ACTIVASE® therapy should be discontinued 
immediately, along with any concomitant therapy with heparin. 

Fibrin which is part of the hemostatic plug formed at needle puncture sites 


._ will be lysed during ACTIVASE® therapy. Therefore, ACTIVASE® therapy re- 


quires careful attention to potential bleeding sites, e.g., catheter insertion sites, 
arterial puncture sites. 

Allergic Reactions No serious or life-threatening allergic reactions have 
been reported. Other mild hypersensitivity. reactions such as urticaria have 
been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, 
principally nausea and/or vomiting, hypotension, and fever. These reactions 
are frequent sequelae of myocardial infarction and may or may not be 
attributable to ACTIVASE® eny 

DOSAGE AND ADMINISTRATION: Administer ACTIVASE” as soon 
as possible after the onset of symptoms. 

Lysis of coronary artery thrombi has been documented in 71% of patients 
treated with ACTIVASE® within 6 hours of onset of symptoms.‘ improvement 
of ventricular function and reduction of the incidence of congestive heart 
failure have been documented in patients treated within 4 hours of the onset of 
symptoms. 

ACTIVASE? is intended for administration by intravenous infusion only. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) 
in the first hour (of which 6 to 10 mg is administered as a bolus over the first1-2 
minutes), 20 mg (11.6 million IU) over the second hour, and 20 mg (11.6 
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million JU) over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used® 

A DOSE OF 150 MG OF ACTIVASE; ALTEPLASE, SHOULD NOT BE 
USED BECAUSE IT HAS BEEN ASSOCIATED WITH AN INCREASE IN 
INTRACRANIAL BLEEDING. 

Although the use of anticoagulants and antiplatelet drugs during and 
following administration of ACTIVASE" has nat been shown to be of unequivo- 
cal benefit, heparin has been administerec concomitantly for 48 hours or 
longer in more than 90% of patients. Aspirin and/or dipyridamole have been 
given either during and/or following heparin treatment. 
fection and Dilution DO NOT USE IF VACUUM iS NOT 


ACTIVASE” should be reconstituted by aseptically adding the appropriate 
volume of the accompanying Sterile Water for Injection, USP to the vial. Itis 
important that ACTIVASE” be reconstituted only with Sterile Water for Injec- 
tion, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow 


transparent solution containing ACTIVASE” 1.0 mg/mL at approximately pH. 


7.3. The osmolality of this solution is approximately 215 mOsm/kg. 

Reconstitution should be carried out using a large bore needle (e.g. 
18 gauge), directing the stream of Sterile Water for Injection, USP into the 
lyophilized cake. Slight foaming upon reconstitution is not unusual; standing 
undisturbed for several minutes is usually sufficient to allow dissipation of any 
large bubbles. 

ecause ACTIVASE* contains no antibacterial preservatives, it should be 
reconstituted immediately before use. The solution may be used for direct 
intravenous administration within 8 hours following reconstitution when 
stored between 2-30°C. Before further dilution or administration the product 
should be visually inspected for particulate matter and discoloration prior to 
administration whenever solution and container permit. 

ACTIVASE® may be administered as reconstituted at 1.0 mg/mL. As an 
alternative, the reconstituted solution may be diluted further immediately 
before administration in an equal volume of 0.9% Sodium Chloride Injection, 
USP or 5% Dextrose Injection, USP to yield a concentration of 0.5 mg/mL. 
Either polyvinyl chloride bags or glass bottles are acceptable. ACTIVASE® is 
stable for up to 8 hours in these solutions at room temperature. Exposure to 
light has no effect on the stability of these solutions. Excessive agitation during 


dilution should be avoided; mixing should be accomplished with gentle - 


swirling and/or slow inversion. Do not use other infusion solutions, e.g., Sterile 
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Water for Injection, USP or preservative-containing solutions for further 
dilution. 

No other medication should be added to infusion solutions 
containing ACTIVASE; Alteplase. Any unused infusion solution should 
be discarded. l 
HOW SUPPLIED: ACTIVASE" is supplied as a sterile, lyophilized powder in 
20 mg and 50 mg vials containing vacuum. - 

Each 20 mg ACTIVASE' vial (11.6 million IU) is packaged with diluent for 
reconstitution. (20 mL Sterile Water for Injection, USP): NDC 50242-044-12. 

Each 50 mg ACTIVASE™ vial (29.0 million IU) is packaged with diluent for 
reconstitution. oe mL Sterile Water for injection, USP): NDC 50242-044-13. 
Storage Store | op hilized ACTIVASE” at controlled room temperature not to 
exceed 30°C ( Bo P), or under refrigeration (2-8°C/36-46°R). Protect the 
lyophilized rated during extended storage from excessive exposure fo light. 


Do not use beyond the expiration date stamped on the vial. 
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Infarct vessel status after intravenous tissue 
plasminogen activator and acute coronary 
angioplasty: Prediction of clinical outcome 


To determine the risk of arterial reocclusion or recurrent ischemia after acute intervention in 
myocardial Infarction, we analyzed the results of coronary arteriography performed. acutely and 
at 1 week In 50 consecutive patients who received acute intervention. Successful! recanalization 
of the infarct vessel was achieved In 46 (92%) patients after therapy with intravenous tissue 
plasminogen activator, percutaneous coronary angioplasty, or both. Follow-up angiography in 44 
showed early reocclusion in 10 patients (23%). Intermittent patency during acute arteriography 
was always associated with reocclusion; suboptimal (Thrombolysis in Myocardial infarction [TIMI] 
class 2) flow was associated with a 50% rate of reocclusion. Although residual stenosis of >50% 
alone was not predictive of rethrombosis, 90% of all reocclusions were associated with either 
stenosis >50%, TIMI 2 flow, or intermittent patency. Absence of these angiographic risk factors 
predicted a 95% patency rate at follow-up. In-hospital cardiac complications occurred in 17 of 23 
(74%) patients with residual stenosis of >50% (death in four, ischemia in 13), and late 
revascularization was required In 53% of survivors. Only 15% of the group with <50% stenosis 
had an in-hospital ischemic event (p < 0.001). Thus, after acute intervention, an infarct vessel 
with intermittent patency or suboptimal flow is associated with a high rate of reocclusion. 
Residual stenosis =>50% appears to predict a high incidence of negative in-hospital clinical 
outcomes and the need for subsequent revascularization. (Am Heart J 1988;115:1.) 


Cindy L. Grines, M.D., Eric J. Topol, M.D., Eric R. Bates, M.D., Jack E. Juni, M.D., 
Joseph A. Walton, Jr., M.D., and William W. O’Neill, M.D. Ann Arbor, Mich. 


Recently, results of several large randomized trials 
have shown a reduction in mortality in acute myo- 
cardial infarction (MI) with the early use of throm- 
bolytic agents.+* Despite the reduction in mortality 
observed with thrombolytic therapy, the incidence 
of reinfarction or recurrent ischemic events is 
increased.’?> Acute angiographic studies have 
shown that after successful thrombolysis, there is a 
high-grade residual coronary stenosis in most 
patients. Emergent percutaneous transluminal cor- 


onary angioplasty (PTCA) has the potential to 


reduce infarct vessel stenosis and may prevent 
recurrent ischemia.” ® 

With the likelihood of wide-scale use of intrave- 
nous thrombolysis, it will become increasingly 
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important to select those patients who need early 
definitive revascularization. The present study was 
undertaken to define whether there are arterio- 
graphic predictors of adverse clinical outcome and 
early reocclusion of infarct vessel. 


METHODS 


Study design. The study design has been described 
previously.’ Briefly, 50 consecutive patients with acute 
MI, who were initially seen within 6 hours of onset of 
symptoms were randomly assigned on a 3:1 basis to groups 
receiving either intravenous recombinant tissue plasmino- 
gen activator (t-PA); 1.25 mg/kg over 3 hours, or place- 
bo. 

Coronary angiography was performed at 60, 90, and 120 
minutes after the infusion was started. The final infarct 
vessel patency determination was made at 120 minutes 
according to the Thrombolysis in Myocardial Infarction 
(TIMI) study classification”. Infarct vessels showing’ 
TIMI 2 or 3 flow patterns were considered to be patent. If 
residual stenosis >50% was present in a patent vessel, 
these patients were randomly assigned to either emergent 
PTCA or no PTCA. Patients with significant disease of 
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Fig. 1. Relationship between residual stenosis of infarct-related artery and subsequent in-hospital 


cardiac complications. 


the left main artery were excluded from randomization. 
Those patients with an occluded artery defined as TIMI 0 
or 1 underwent emergency angioplasty to attempt reperfu- 
sion. 

All patients received 5000 units of heparin at the time of 
arterial access and an additional 5000 units just before 
coronary angioplasty if this procedure was performed 
during acute catheterization. After patients left the cath- 
eterization laboratory, they were given a continuous infu- 
sion of heparin 1000 units/hr, which was maintained until 
follow-up catheterization exceot for a few hours on the 
second hospital day when the arterial access sheath was 
removed. Patients were also treated with aspirin (825 
mg/day), dipyridamole (75 mg three times/day), and 
diltiazem (30 to 60 mg four times/day). 

Repeat cardiac catheterization was performed on day 7. 
Reocclusion of an infarct vessel was defined as a vessel 
that was patent (TIMI 2 or 3 flow) at the completion of 
acute intervention that was found to have TIMI 0 or 1 flow 
at follow-up angiography. 

Angiographic analysis. Coronary arteriograms ob- 
tained during acute intervention were subsequently ana- 
lyzed to visually assess the presence of thrombus and 
arterial dissection. Intraluminal thrombus was defined as 
a circular intraluminal filling defect or persistent contrast 
staining. Intimal dissection was diagnosed if a linear 
filling defect was present at the dilatation site. Intermit- 
tent coronary patency was defined as adequate (TIMI 2 to 
3) flow that was spontaneously reduced to TIMI 0 to 1 on 
a later angiogram. Qualitative and quantitative coronary 
arteriographic analysis was performed by one observer 
blinded to patient identity, therapy, and effects of thera- 
py. 

Infarct vessel stenosis was determined by quantitative 
angiography with the use of an automated edge-detection 
computer algorith.! To determine the percentage of the 
diameter of the stenosis, end-diastolic frames were chosen 
from the coronary arteriogram that demonstrated the 
most severe stenosis. These were digitized into 256 x 256 
eight-bit matrices by means of a cine film projector 


equipped with a primary beam splitter coupled to a 
fixed-gain video camera and a video-to-digital converter. 
Images were stored in the memory of a digital radiograph- 
ic computer (DPS 4100C, ADAC Laboratories, San Jose, 
Calif.) for subsequent processing. All values reported are 
quantitative angiographic results except when it was not 
possible to use the results of software analysis because of 
vessel overlap or inadequate film quality for digitization. 
The latter occurred in nine of the patients in the study 


and in these, the percentage of the diameter of the stenosis 


was determined by calipers. 

Submaximal exercise testing with thallium-201 
tomographic imaging. A submaximal stress test with 
thallium-201 tomographic imaging was performed before 
discharge (3 to 10 days after infarction). The patients’ 
cardiac medications were not discontinued for the study. 
Upright treadmill exercise was performed in 3-minute 
uninterrupted stages with a constant speed of 2 miles/hr 
and a 3% grade increment for each stage. Complete 
12-lead ECGs were obtained at rest and at the end of each 
stage of exercise. Thallium-201 chloride (8 mCi) was 
injected intravenously at peak exercise and exercise was 
continued for one additional minute. Tomographic gam- 
ma camera imaging was then performed immediately with 
delayed views obtained 3 hours later. Exercise was termi- 
nated when one of the following conditions occurred: a 
target heart rate of 130 bpm, angina, marked ST segment 
depression, hypotension, serious ventricular arrhythmia, 
or exhaustion. The ECG was interpreted as positive for 
ischemia when the patient developed 2 mm or’ more of 
horizontal ST segment depression compared to the base- 
line tracing. 

Scintigraphic imaging was performed by means of a 
wide-field-of-view gamma camera (GE 400AT) equipped 
with a general-purpose, parallel-hole collimator. Image 
data were acquired in 64 projections over a 180-degree arc 
beginning with the right anterior oblique and ending with 
the left posterior oblique position. Images were obtained 
in a 64X64 word mode image with 30,000 to 50,000 
counts/image. Total acquisition time was approximately 
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Tabie I. Baseline demographic and angiographic data* 








Stenosis 
Variables >50% (n = 23) <50% (n = 27) 

No. of patients 23 27 
Age 53.3 + 11.9 55.1 + 10.9 
Male/female 18/5 . 21/6 
Time to reperfusion , 

(hr) : 5.5 + 1.5 5.4 + 1.1 
Infarct artery 

LAD 13 12 

Cx 0 4 
_ RCA f 10 11 
No. of diseased vessels 

1 11 18 

2 8 6 

3 4 - 3 





Time to reperfusion = Time from onset of chest pain to angiographically 
documented patency of infarct vessel; LAD = left anterior descending 
artery; CX = circumflex artery; RCA = right coronary artery. 

*There were no significant (p < 0.05) differences between groups for the 
variables listed. 


20 minutes. Tomographic reconstruction was then per- 
formed by means of a commercial convolution/back projec- 
tion algorithm (GE STAR, General Electric, Milwaukee, 
Wisc.) without attenuation correction. The reconstructed 
image data were reformatted to produce vertical, horizontal 
long-axis, and short-axis planes of section. Comparable 
images were obtained at the 3-hour imaging session. 

An image defect was considered present if there was a 
discrete region of absent or decreased activity estimated 
visually. The defect was anatomically localized as apical, 
anterior, septal, inferior, or lateral with the use of all 
sections. A defect present immediately after exercise and 
again at 3 hours’ delay was considered to be indicative of 
infarction, whereas a defect present only immediately 
after exercise was considered to reflect ischemia. Either 
partial or complete resolution of a defect was considered 
evidence of reversible ischemia. If the reversible defect 
occurred adjacent to the zone of infarction, it was consid- 
ered to represent periinfarct ischemia; if it occurred at a 
site removed from the zone of infarction, it was considered 
to represent, distant ischemia. 

Statistical evaluation. Data are presented as mean + 1 
standard deviation unless otherwise stipulated. Student’s 


t and Fisher exact tests were used for statistical analysis ` 


where appropriate. Differences were considered signifi- 
cant at the p < 0.05 level. 

Clinical outcomes. Patients were monitored sate 
out their hospitalization for the following clinical events: 
(1) death; (2) postinfarction angina—recurrent chest pain 
at rest with accompanying ECG changes in the infarct 
territory; (3) reinfarction—prolonged chest discomfort 
with attendant enzymatic confirmation of creatine 
kinase-MB elevation; (4) exercise-induced ischemia—sub- 
maximal exercise testing before discharge demonstrating 
reversible thallium-201 uptake in the region of the infarct 
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Tabie li. Clinical and angiographic outcomes 








Stenosis 
>50% (n= 23) <50% (n = 27) Pp 

Death 4 0 0.001 
Post-MI angina 8 4 <0.05 
Reinfarction 3 1 NS 
Periinfarct ischemia 7 0 <0.001 
In-hospital 17 4 <0.001 

complications 
Need for delayed 10 1 <0.001 

PTCA/CABG 





CABG = Coronary artery bypass graft; NS = not significant. 


zone. Reversible defects in the noninfarct zones were 
excluded. Stibjects who required additional revasculariza- 
tion procedures before exercise testing were also excluded. 
Clinical events were coded by investigators who were 
blinded to the results of coronary angiographic analysis. 
Patients were considered to have reached a clinical end 
point if there was á recurrence of ischemia, at which time 
such. patients were considered for revascularization with 
coronary angioplasty or coronary artery bypass surgery. 


RESULTS 


Angiographic results. Demographic and clinical 
data for the 50 patients have been previously report- 
ed.2 The results of infarct vessel patency are as 
follows: two of the 12 patients who received placebo 
(17%) showed infarct vessel patency. Eleven of 
these patients underwent PTCA, which was success- 
ful in nine. Of the 38 patients receiving t-PA, 71% 
had a patent infarct vessel at 90 minutes and by 120 
minutes, 32 of 38 patients (84%) had a patent vessel. 
It is noteworthy that five of these patients showed 
intermittent patency and occlusion during: serial 
angiography. At six patients with failed t-PA throm- 
bolysis underwent PTCA; flow was successfully rees- 
tablised in four. Of the 32 patients with successful 
t-PA thrombolysis, one underwent emergency 
bypass surgery because of left main coronary artery 
disease and three had <50% residual stenosis of the 
infarct vessel. Of the 28 patients with high-grade 
stenoses after thrombolysis; 13 were randomly 
assigned to no PTCA and 15 were randomly 
assigned to immediate PTCA. All angioplasties in 
this group were successful with the mean stenosis 
decreasing from 80.8 + 8.2% to 32.5 + 15%. With 
the addition of. PTCA in patients with occluded 
vessels, overall patency was increased to 92%. 

. Hospital course. Cardiac complications including 
death or spontaneous or provocable ischemia 
occurred in 21 patients. Fig. 1 shows the spectrum of 
severity of infarct vessel residual stenosis after acute 
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Fig. 2. Incidence of individual adverse cardiac events during hospitalization in two groups: =50% and 


<50% residual stenosis. 


intervention and its relationship to recurrent is- 
chemic events. Of the 20 patients who had a cardiac 

- complication, 17 (85%) had infarct: vessel residual 
| stenosis =50%; but 24 of 30 (80%) of those with an 
uncomplicated hospital course had insignificant ste- 
nosis (p < 0.001). This predominance of adverse 
clinical events in patients with >50% stenosis 
prompted a more detailed analysis of the angio- 
graphic subgroups. 

High-grade residual stenosis, defined as more 
than 50% diameter narrowing, was present in 23 
patients. This group comprised four patients with 
unsuccessful recanalization, four who underwent 
PTCA that was initially thought to be successful but 
who were later found to have =50% stenosis by 
quantitative arteriography, and 15 who did not 
undergo PTCA. Of the 27 patients with residual 
stenosis of less than 50%, 25 underwent PTCA to 
reduce the stenosis; the remaining two patients had 
insignificant stenosis. remaining after thrombolysis 
alone. There were no statistical differences in sex, 
age, time to reperfusion, location of infarct vessel, or 
presence of multivessel disease between the two 
groups (‘Table I). 

Table II describes the incidence of in-hospital 


death or ischemia in the two groups: =50%.or - 


<50% residual stenosis. There were four deaths in 
the trial. All four deaths occurred in patients with 
high-grade residual stenosis (p < 0.001); three of 
these patients had undergone unsuccessful reperfu- 
sion. The infarct-related artery was the right coro- 
“nary in two and left anterior descending in two. Two 
of these patients had received placebo, recanaliza- 
tion did not occur spontaneously, and angioplasty 
.was unsuccessful in achieving sustained patency. 
One patient failed t-PA thrombolysis and had only 
brief reperfusion after PTCA before the artery 


reoccluded in the laboratory. The other death was in 
a 73-year-old man who received t-PA (5.2 hours 
after the onset of chest pain) and emergent angio- 
plasty (at 7.5 hours) but had a very extensive 
anterior infarction. Although PTCA was initially 
thought to be successful, subsequent analysis 
showed 55% residual stenosis. with TIMI 2 flow, 
thrombus, and arterial dissection. All four patients 
developed cardiogenic shock and recurrent ventricu- 
lar tachycardia and fibrillation before death. 

In addition to death, other adverse in-hospital 

clinical. events were associated with high-grade 
residual stenosis (Fig. 1). Three of 19 (16%) survi- 
vors with residual stenosis >50% had in-hospital 
reinfarction but only 1 of 27 survivors (4%) with 
minor residual obstruction (p = 0.15). Postinfarc- 
tion angina occurred in 8 of the 19 (42%) survivors 
with high-grade stenosis compared to only four 
(15%) patients with <50% residual stenosis 
(p < 0:05). Of the 14 patients with high-grade resid- 
ual stenosis of the infarct artery who underwent 
exercise tomographic thallium scintigraphy, seven 
(50%) showed evidence of periinfarct ischemia. 
Only one patient had ECG changes diagnostic of 
ischemia, the remaining ECGs could not be inter- 
preted because of changes at baseline. Of the 23 
patients with minor residual stenosis who under- 
went exercise testing, none had provocable ischemia 
(p < 0.001). 
_ Cardiac complications, including EE NN 
angina, recurrent infarction, exercise-induced ische- 
mia, or death, were observed in 74% of patients with 
residual stenosis >50% vs 15% of the group with 
<50% stenosis (p < 0.001). 

The need for delayed revascularization of the 
infarct artery was also determined for the two 
groups (Fig. 2). Fifty-three percent of survivors with 
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Fig. 3. Cumulative patient events including death, reinfarction, and spontaneous or provocable ischemia 
for two groups: =50% and <50%. Late revascularization with bypass sBIBP ry: or PTCA was performed for 
recurrent ischemia-in 53% of survivors with 250% stenosis: 


residual stenosis of the infarct artery =50% under- . 


went late revascularization with either angioplasty 
or bypass surgery. Each patient received the addi- 
tional intervention for spontaneous or exercise- 
induced ischemia as previously defined. This 53% 
incidence of late revascularization for patients with 
high-grade residual lesions compares to only 4% in 
the group with <50% stenosis (p < 0.001). 

Reocclusion. Of the 46 patients with successful 
recanalization, 44 had follow-up coronary arteriog- 
raphy. In 10 patients the infarct artery was reoc- 
cluded at follow-up, which represent: an incidence 
of 23%. 

Several angiographic features of the infarct artery 


at the completion of the acute intervention were ` 


evaluated to determine the relationship to early 
reocclusion. Time to reperfusion, location of infarct 
vessel, presence of thrombus or dissection, use of 


` t-PA or placebo, use of PTCA, and successful vs 


unsuccessful t-PA thrombolysis were all considered 
and found not to be significantly different between 
patent and reoccluded groups. High-grade residual 


stenosis of the infarct artery was present in 50% of 


the vessels that reoccluded but not significantly 
different from those who remained patent (41%). 


Only 26% of vessels with residual stenosis of >50% 


were reoccluded at follow-up. TIMI 2 (suboptimal) 
flow was present in 30% of those vessels that 
reoccluded, and its presence was associated with a 
50% reocclusion rate compared to a rate of only 
18% in those vessels with TIMI 3 flow (p = 0.09). 
Intermittent patency was present in only five arte- 
ries and was associated with unsuccessful reperfu- 


` during hospitalization. 


sion in two. The three arteries with successful 
recanalization but intermittent patency during the 


acute procedure all were found to be reoccluded at 
follow-up catheterization (Fig. 3). 

It is noteworthy that 90% of all reocclusions were 
associated with at least one of three angiographic 
features of infarct artery: high-grade residual steno- 
sis; TIMI 2 flow, or intermittent patency during 
acute intervention. Absence of these risk factors 
predicted a 95% patency rate at follow-up. 

In five patients, reocclusion was associated with 
chest pain and ECG changes. In three of these five 
patients, symptomatic reocclusion occurred within 
24 hours after initial therapy. Reocclusion was silent _ 
in the remaining five patients. It should be noted 
that four of these five patients with silent reocclu- 
sion had well-developed collateral arteries to the 
infarct-related artery and one demonstrated periin- 
farct ischemia by exercise thallium. ` 


DISCUSSION 


Recurrent ischemia. Our results confirm the SRi 
incidence of reocclusion and recurrent ischemia 


-after reperfusion therapy for acute MI. Use of 


intravenous t-PA, PTCA, or both may achieve high 
infarct vessel patency rates (92%). Despite this high 
initial patency rate, a significant number of these. 
patients (17 of 50) had recurrent ischemia or died ` 
Eighty-five percent of 
patients with an in-hospital cardiac event had resid- 
ual stenosis of the infarct artery =50%. These 
patients had either not undergone PTCA or had a 
suboptimal result of angioplasty. 
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Post-infarction angina occurred spontaneously in 
42% of survivors with high-grade stenosis. Exercise- 
induced periinfarct ischemia by thallium scintigra- 
phy was present in 50% of those with infarct vessel 
stenosis =50%. 

The high incidence of exercise-induced ischemia 
in this study may be related to enhanced myocardial 
salvage or greater sensitivity of tomographic thalli- 
um scintigraphy. Only one of seven patients with 
periinfarct ischemia by thallium developed ischemic 
ECG changes with exercise. It is known that stress 
ECG is not a sensitive measure of ischemia in the 
setting of baseline ST segment changes or Q waves.” 
The sensitivity of thallium imaging after infarction 
is greater than stress ECG alone and a positive 
result has been shown to have poor prognostic 
implications." l 

All deaths occurred in patients with high-grade 
residual stenosis; three of these four patients had 
unsuccessful reperfusion. Other investigators have 
also found a higher mortality rate in patients with 
an occluded infarct vessel.'*** Although the numbers 
are small, the lack of mortality among patients with 
a widely patent infarct vessel after t-PA and angio- 
plasty is noteworthy. 

Spontaneous or provocable ischemia prompted 
delayed in-hospital revascularization with PTCA or 
bypass grafting in 53% of survivors with high-grade 
infarct vessel stenosis. This finding underscores the 
importance of a high-grade lesion of the infarct 
vessel for instability. 

Predictors of reocclusion. Coronary arterial reoc- 
clusion remains a significant problem after success- 
` ful thrombolytic therapy. Recent studies have 
shown that after successful thrombolysis by means 
of 90- to 180-minute infusions of t-PA, early reocclu- 
sion occurs in 33% to 45% of infarct arteries.’ 1 
With prolonged (6- to 8-hour) infusions of t-PA in a 
larger trial of 386 patients, the combined incidence 
of reocclusion and recurrent ischemic events was less 
than 20% .! In the present study, the relatively high 
incidence of reocclusion and recurrent ischemic 
events probably relates to the lower total dose of 
t-PA and the shorter duration of infusion used. 

Suboptimal (TIMI 2) flaw was associated with a 
. higher rate of reocclusion, which may have resulted 
from the increased likelihood of rethrombosis in a 
diminished flow state. An interesting finding was 
that of intermittent patency of the infarct artery 
observed between the 60-, 90-, and 120-minute 
angiograms. This finding was observed in five arte- 
ries, two which failed reperfusion despite t-PA and 
PTCA, and the remaining three vessels reoccluded. 
Therefore, intermittent patency during infusion of 


danuary 1988 
American Heart Journal 


t-PA resulted in a totally occluded infarct artery in 
each instance. Fluctuations in coronary flow after 
experimental thrombosis and reflow have been pre- 
viously documented.” This finding may represent 
platelet-mediated vasoconstriction or enhanced 
thrombotic tendency. 

One half of all reocclusions were associated with 
chest pain and ECG changes prompting emergency 
recatheterization. Four of five “silent” reocclusions 
occurred in patients with well-developed collateral 


-arteries completely filling the infarct artery at the 


time of follow-up catheterization. One of these 
patients showed periinfarct redistribution on exer- 
cise thallium scintigraphy. This data would suggest 
that “silent” reocclusions are not always the result 
of lack of viable myocardium perfused by the infarct 
vessel. The development of collateral arteries may 
have protected these patients from reinfarction or 
perhaps denervation of the infarct area prevents 
clinically recognized angina. Silent ischemia may, in 
fact, be more common after acute MI.” 2 

Limitations. The results are from a relatively small 
population of patients who underwent acute inter- 
vention; thus, they must be interpreted with cau- 
tion. A patient with total occlusion of the infarct 
artery may have a particularly poor prognosis com- 
pared to a patient with partial reperfusion.” Thus, 
inclusion of patients with total (100%) occlusion in 
the group with =50% residual stenosis in our study 
may represent a particularly skewed group with 
respect to negative clinical outcome. However, only 
4 of 50 patients had unsuccessful reperfusion. Three 
of the four deaths occurred in patients with 100% 
occlusion. The remaining patient with unsuccessful 
reperfusion had no in-hospital cardiac complica- 
tions. 

The need for delayed revascularization was deter- 
mined by recurrent ischemic events. However, 
despite documented ischemia in three patients with 
<50% residual stenosis, revascularization was only 
performed in one. In many cases the requirement for 
delayed PTCA or bypass surgery may have been the 
presence of high-grade stenosis. 

implications. These data identify patients‘at high 
risk for reocclusion of the infarct artery after t-PA 
infusion, PTCA, or both. Patients with suboptimal 
(TIMI 2) flow or intermittent patency during infu- 
sion of t-PA had the highest rate of reocclusion. The 
inability to achieve sustained arterial patency 
despite the use of t-PA and PTCA suggests that 
other measures, including coronary bypass surgery, 
nonselective thrombolytic agents, or coronary 
stents, need to be evaluated in patients at high risk 
of reocclusion. After therapy with t-PA or angioplas- 
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ty, a vessel with residual stenosis of =50% is 
associated with an increased risk of death, recurrent 
ischemic events, and the need for subsequent revas- 
cularization. This suggests that PTCA, if performed, 
should ideally reduce the stenosis of the infarct 
artery to <50%. 


We thank Eva Kline-Rogers, R.N., and Laura Gorman, R.N., 
for research nursing assistance and Mrs. Betty Plunkett for 
manuscript preparation. 
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Coronary angloplasty for patients with | 
multivessel coronary enely. disease: Follow-up _ 


ciinical status 


To determine the value of percutaneous transluminal coronary angioplasty (PTCA) for patients 
with muitlvesse! coronary artery disease, we reviewed follow-up data of 92 consecutive Í 
muitivessel disease patients in whom PCTA had been successful and in whom at least 6 months 
had elapsed. Clinical outcome of multivessel disease patients was compared to that of 189 ` 
patients with single-vessel disease who experienced successful PTCA. Eighty percent of - 
multivessel disease patients noted clinical Improvement at follow-up. More single-vessel disease 
patients, however, were free of angina (77% vs 63%, p = 0.02), were not taking long-acting. 
antianginal medications (46% vs 27%, p < 0.001), and had repeat PTCA less often (5% vs 12%, . 
p = 0.05) than multivessel disease patients. The incidence of late clinical events such as 
myocardial infarction, coronary artery bypass surgery, and death was low in both single- and 
multivesse! disease patients. To determine whether the degree of revascularization achieved 
accounted for differences between single- and multivessel disease outcome, PTCA for . 
multivessel disease was classified as either complete or incomplete revascularization. Those 
patients classified as having incomplete revascularization, although they. had multivessel 
coronary artery disease, had only one significant ischemic zone and this. was successfully 
revascularized by PTCA. There was no significant difference in anginal status or incidence of 
myocardial Infarction, coronary artery bypass surgery, or death between the two multivessel 
disease subgroups. Thus, PTCA is of clinical value for selected patients with multivessel coronary 
artery disease, even in those who are Incompietely revascularized by fester: (Am ot J 


1988; 115:8.) 


Edward S. Thomas, M.D., Albert S. Most, M.D., and David O. Wiliams, M.D. 


Providence, R. IL. 


Percutaneous transluminal coronary angioplasty 
(PTCA) has been successfully performed in patients 
with coronary artery disease since 1977.1 In 1982, the 
National Heart, Lung, and Blood Institute’s PTCA 
Registry reported an immediate success rate of 59% 
in 631 patients, with complications of emergency 


coronary bypass surgery in 6%, myocardial infarc- 


tion in 4%, and in-hospital death in 1% of patients.” 


‘Technical improvements in balloon catheter sys- 


tems, including the development of steerable. sys- 
tems, as well as enhanced operator skills, have led to 
more favorable acute results so that success rates in 


excess of 85% are now commonplace. PTCA of. 


more complex lesions, including total occlusions, 
and of saphenous vein bypass grafts is now being 


performed.** Furthermore, multiple lesions can be 
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dilated without increasing the risk of ttig proce- 


‘dure.®7 


The immediate benefits following PTCA are sub- 
stantial and well documented. The late clinical 
outcome of PTCA, however, especially in patients 
with multivessel coronary artery disease, is less. 


‘clear. Patients with single-vessel disease achieve 


complete revascularization after successful PTCA. 


_ However, often patients with multivessel disease 


cannot have all vessels dilated by means of 
PTCA.. In these multivessel disease patients in 


‘whom revascularization is incomplete, the efficacy 


of PTCA has not been established. In an attempt to 
address these concerns, we reviewed the late clinical 
outcome after successful PTCA in a series of 92 
patients with multivessel disease and sought to 
evaluate the relationship between. clinical outcome 
and completeness of revascularization. 


METHODS 


Patients were selected for PTCA on the basis of symp- 
tomatic angina pectoris, evidence of myocardial ischemia 
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Table I. Baseline characteristics of patient groups* 





SV 
Number 189 
Age (yr) 55.4 + 10.0 
Male (%) 74 
Risk factors (%) 
Hypertension 34 
Elevated lipids 13 
Diabetes mellitus 9 
Smoking 27 
Family history 33 
Cardiac history (%) 
Unstable angina ` 80 
Stable angina 13 
Asymptomatic 3 
Prior MI 22 
Post CABG 1 
Acute MI 2 
Extent CAD (%) 
2VD — 
8VD — 


PTCA in multivessel CAD 9 





MV MV-CR MV-IR 
92 19 3 
56.7 + 10.1 55.7 + 11.2 57.0 + 9.8 
83 84 82 
22 21 21t 
10 16 8 
7 o` 8 
30 26 32 
33 42 29 
83 84 79 
15 16 15 
1 0 1 
36t 26 38t 
16+ 26 13 
1 0 1 
77 l 68 79 
23 32 21 





SV = single-vessel disease; MV = multivessel disease; CR = complete revascularization; IR = incomplete revascularization; CAD = coronary artery disease; 
CABG = coronary artery bypass grafting (surgery); MI = myocardial infarction; VD = vessel disease. 


Values are either percentage or mean + SD. 
* = for MV-IR versus MV-CR, p > 0.05 for all variables. 
t= p < 0.05 compared with SV. 


by noninvasive studies, and the presence of coronary 
artery stenosis greater than 70% in one or more major 
vessels suitable for dilatation. Multivessel disease was 
defined as the presence of a stenosis exceeding 70% in one 
coronary artery and an additional stenosis equal to or 
greater than 50% in at least one additional major coronary 
artery: The degree of stenosis was determined by compar- 
ing the smallest diameter of the diseased vessel with an 
adjacent segment of the same artery considered free of 
disease. Our strategy in assessing eligibility for PTCA was 
(1) to identify ischemic zones requiring revascularization, 
(2) to determine that all major ischemic zones could be 
revascularized by means of PTCA, and (8) to determine 
that the procedure would not be unduly hazardous. 
Chronic (>4 months) total occlusions in arteries supplying 
infarcted tissue were generally not dilated. Patients who 


had prior coronary artery bypass surgery underwent 


PTCA of either saphenous vein bypass grafts or coronary 
arteries. Single-vessel PTCA in patients with multivessel 
disease was performed when there was one dominant 
ischemic zone supplied by a single diseased vessel with 
lesion({s) suitable for dilatation by PTCA. In these 
patients, the remaining diseased vessels demonstrated one 
or more of the following features: (1) significant diffuse 
distal disease, (2) small caliber with limited myocardial 
distribution, or (3) chronic total occlusion in the vessel 
supplying previously infarcted myocardium. Multivessel 
PTCA was performed when more than one artery served 
an ischemic zone and had lesions suitable for PTCA. The 
procedure was deemed successful if the targeted lesions 
were dilated to less than 50% in vessels supplying at least 


one major ischemic zone and was not complicated by 
myocardial infarction, death, or the need to perform 
coronary artery bypass surgery during the hospitaliza- 
tion. 

In patients with multivessel disease, complete revascu- 
larization (MV-CR) was achieved when there was no 
remaining stenosis greater than or equal to 50% in a major 
vessel. Patients were classified as having incomplete 
revascularization (MV-IR) if after successful PTCA of at 
least one vessel, they had at least one residual stenosis of 
50% or more in a vessel not dilated. Patients with 
single-vessel disease (SV) who underwent successful 
PTCA were considered completely revascularized. 

All patients undergoing PTCA at Rhode Island Hospi- 
tal are prospectively entered into a computerized data 
bank. At yearly anniversaries, a trained data coordinator 
contacts each patient to determine his clinical status. This 
study incorporated 366 consecutive patients at Rhode 
Island Hospital undergoing initial PTCA between Janua- 
ry, 1983, and August, 1985. Patients having the procedure 
performed before that date were not included to control 
for the use of more primitive catheter systems and our 
institution’s earlier preference for patients with single- 
vessel disease. Because restenosis generally occurs within 
6 months after PTCA," we required a minimum of 6 
months of follow-up for a patient to be eligible for the 
study. Absence of follow-up was most commonly due to 
change of address or discontinuation of telephone service. 
During the time interval specified, successful PTCA was 
performed in 312 patients (85%). 

The study group consisted of 281 patients in whom 
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Table Il. Clinical outcome during follow-up: single-vessel 
vs multivessel disease 





SV MV 


p value 
Number 189 92 
Relative condition (%) 
Improved 95 81 0.001 
Unchanged 3 12 0.004 
Worse 2 7 NS 
Daily physical activity (%) 
Sedentary or mild 27 36 NS 
Moderate or strenuous 73 64 NS 
Work status (%) x 
Employed 59 60- NS ` 
Retired for _ 30 25 NS 
nohmedical cause 
Retired for cardiac 7 3 NS 
cause 
Angina (%) i 
None 77 63 0.02 
= Weekly 13 20 NS 
>Daily 3° 10 0.04 
Cardiac event (%) . 
Myocardial infarction 1 1 NS 
CABG 4 2 NS 
Repeat PTCA 5 12 0.05 
Death ; 1 “0 ‘NS 





PTCA = percutaneous transluminal coronary angioplasty; other abbrevia- 
tions as in Table I. 
NS = p value > 0.05. 


follow-up data were obtained within 18 months after 
successful initial PTCA. One hundred eighty-nine 
patients had single-vessel disease and 92 patients had 
multivessel disease. Of the patients with multivessel dis- 
ease, 73 were classified as MV-IR following PTCA, and 19 
were classified as MV-CR. 

Statistical analysis. Chi square and unpaired Student’s 
t tests were employed for analysis of proportions and 
continuous variables, respectively. Yates’ coefficient was 
used for chi square tests involving small numbers of 
patients. For all tests, a p value < 0.05 was considered 
significant. Mean values are listed as mean + 1 SD. 


RESULTS 


Mean age, sex, presence of diabetes mellitus, 
elevated lipids, smoking history, and family history 
for coronary artery disease were not significantly 
different among the SV, MV, MV-CR, and MV-IR 
groups (p > 0.05, Table I). More patients with sin- 
gle-vessel disease were hypertensive than patients 
with multivessel disease (84% vs 22%, p = 0.03). 
Cardiac history was similar among the four groups, 


with the majority of patients presenting with unsta-. 


ble angina. Prior myocardial infarction or previous 
coronary artery bypass surgery was more common 
among patients with multivessel disease than among 
patients with single- vessel disease (p < 0.02), 
although the difference between the MV-IR and 
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Table lll. Antianginal medications at follow-up: single- 
vessel vs multivessel disease 





SV MV p value 
Number 189 92 
Long-acting nitrates (%) 24 36 NS 
Betá blockers (%) 21 45 <0.001 
Calcium channel blockers (%) ` 835 54 0.002 
Number of antianginal medications (%) 
None 46 22 <0.001 
One 31 26 NS 
Two 17 32 0.008 
Three . 5 15 0.003 
Unknown 1 5 





Abbreviations as in Table I. 
NS = p > 0.05. 


MV-CR groups was not significant (p > 0. 05). The 
proportion of patients with two- and three-vessel 
disease was comparable between the MV-IR and 
MV-CR groups. 

Clinical outcome at an average follow-up of 
12.1 + 4 months was compared between patients 
with single-vessel disease and those with multivessel 
disease, irrespective of the degree of revasculariza- 
tion (Table II). Ninety-five percent of patients with 
sirigle-vessel disease and 81% of patients with mul- 
tivessel disease noted general improvement com- 
pared to their pre angioplasty status. Employment 
status and the level of daily physical activity were 
similar i in both groups; the majority of patients were 
employed and were able to undertake moderate or 
strenuous levels of activity. More patients with 
single-vessel disease were free of angina (77% vs 
63%, p = 0.02). Ten percent of patients with multi- 
vessel. disease had angina at least daily, whereas 
daily angina occurred in 3% of patients having 
single-vessel disease (p =.0.04). There-was a higher 
incidence of repeat PTCA in the group with multi- 
vessel disease (12% vs 5%, p = 0.05). There was-no 
significant difference between patients with single- 
or multivessel disease in the incidence of major 
cardiac events such as myocardial infarction, coro- 
nary artery bypass surgery, and death. 

Patients with multivessel disease tended to take 
more antianginal medications at follow-up (Table 
HI). Forty-five percent of these patients were taking 
a beta blocker and 54% were receiving a calcium 
channel blocker, compared with 21% and 35% of 
patients with single-vessel disease, respectively. Fif- 
teen percent of patients with multivessel disease and 
5% of patients with single-vessel disease were taking 
a combination of long-acting nitrates, beta blockers, 
and a calcium channel blocker. Thirty-two percent 
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Table IV. Clinical outcome during follow-up: completeness 
of revascularization* 


PTCA in multivessel CAD 11 


Table V. Antianginal medication at follow-up: degree of 
revascularization* 











SV MV-CR MV-IR 

Number 189 19 13 
Relative condition (%) 

Improved 95 84 81+ 

Unchanged 3 1l 12 

Worse 2 5 7 
Daily physical activity (%) _ 

Sedentary or mild 27 47 36 

Moderate or strenuous 73 53 64 
Work status (%) l 

Employed 59 58 60 

Retired for nonmedical 30 26 25 

cause 

Retired for cardiac cause 7 5 4 
Angina (%) l 

None 71 63 63T 

= Weekly 13 16 19 

= Daily 3 LL 10 
Cardiac events (%) 

Myocardial infarction 1 0 1 

CABG ~ 4 5 1 

Repeat PTCA 5 11 12 

Death 1 0 0 





Abbreviations as in Tables I and H. 
*For MV-CR vs MV-IR, p > 0.05 for all variables, 
tp < 0.05 compared with SV. 


of patients with multivessel disease were receiving 
two types of any antianginal medications, compared 
with 17% of those with single-vessel disease 
(p = 0.008). More patients with single-vessel disease 
did not take any antianginal medications (46% vs 
22%, p < 0.001) than those having multivessel dis- 
ease. 

To determine the influence of the degree of 
revascularization upon late outcome, patients with 
multivessel diséase were classified as MV-CR or 
MV-IR and were compared to one another and to 
patients with SV disease (Table IV). The majority of 
patients with multivessel disease were improved and 
were free from angina péctoris regardless of the 
degree of revascularization. The percentage of 
patients in the MV-CR group achieving subjective 
improvement was similar to that in the MV-IR 
group (81% vs 84%). Furthermore, anginal severity 
was similar in the two patient subgroups with 
multivessel disease. The proportion of patients 
employed, retired for nonmedical causes, or retired 
for cardiac causes regardless of revascularization 
status was similar in both groups. In addition, 
comparable levels of daily physical activity were 


achieved in both groups with multivessel disease. _ 


The incidence of late major cardiac events such as 
myocardial infarction, coronary artery bypass sur- 


SV MV-CR  MV-IR 


Number of patients 189 19 73 
Long-acting nitrates (%) 24 32 art 
Beta blockers (%) i 21 53t 42t 
Calcium channel blockers (%) 35 37 59t 
Number of antianginal medications (%) 
None 46 26 21t 
One 31 21 27 
Two ; 17 42} 29% 
Three 5 5 18t 
Unknown 2 5 5 





Abbreviations as in Table I. 
*For MV-IR vs MV-CR, p > 0.05 for all variables. 
tp < 0.05 compared with SV. 


gery, and repeat PTCA was low in both groups of 
patients with multivessel disease. No deaths 
occurred in either group having multivessel disease. 
Thus, for the outcome variables assessed, there was 
no statistical difference between MV-CR and 
MV-IR patient subgroups. Compared to patients 
with SV disease, patients in the MV-IR subgroup 
were less improved (81% vs 95%) and were less free 
of angina pectoris (63% vs 77%). There was no 
significant difference in late cardiac events among | 


- the three (SV, MV- IR, and MV-CR) groups. With 


respect to the use of antianginal medications, a 
similar. percentage of patients in both the MV-IR 
and MV- CR subgroups used long-acting nitrates 
and . beta blockers at follow-up (Table V). More 
patients in the MV-IR subgroup were taking calci- 
um channel blockers than patients in the MV-CR 
subgroup (59% vs 37%), although statistical signifi- 
cance was not achieved. A similar proportion of each 
group did not use antianginal medications (21% vs 
26%, p>0. 05), whereas 47% of each group were 
taking two or more types of antianginal medications. 
Compared with patients with SV disease, patients in 
the MV-IR group had increased usage of each type 
of antianginal medication as well as of the combina- 
tion of two and three antianginal agents. 


DISCUSSION 


The purpose of our study was Big assess the clinical 
outcome of patients with MV coronary artery dis- 
ease treated with PTCA and to investigate the 
relationship between completeness of revasculariza- 
tion and.outcome. The efficacy of PTCA for provid- 
ing long-term relief of subjective indices of myocar- 
dial ischemia in patients with SV disease is well 
established.*"° The results of PTCA for SV disease 
have been so favorable that PTCA is often consid- 


12 Thomas, Most, and Williams 


ered as standard recommended therapy for patients 
with SV disease and disabling angina pectoris with 
anatomy suitable for PTCA. Hence, if PTCA could 
achieve results in patients with MV disease equiva- 
lent to those achieved in SV disease, it could be 
considered efficacious therapy. With this rationale, 
we chose a cohort of patients with SV disease asa 
basis of comparison in our study. 


’ This investigation demonstrated that for patients 


with MV coronary artery disease in whom PTCA 
was successful, sustained clinical improvement was 
seen in the. majority. In fact, the proportion of 
patients with MV disease having clinical improve- 
ment approached that observed in patients with SV 
disease after successful PTCA. Similar work status 
and activity levels were observed in angina in both 
groups and in the use of multiple antanginal medi- 
cations. Finally, the incidence of late cardiac events 
was low in the group with MV disease and was 
similar to the incidence among patients with SV 
disease after successful PTCA, except for a higher 
incidence of repeat PTCA i in the group with MV 
disease. 

An additional insight was obtained by classifying 
the patients with MV disease by the degree of 
completeness of revascularization. There was no 
significant difference in the proportion of patients 
with improvement in relative condition, in freedom 
from angina, in work status, and in activity levels 
between those completely revascularized and those 
incompletely revascularized. Only the patients with 
MV disease with incomplete revascularization 
obtained significantly less improvement in relative 
condition and in freedom from angina in comparison 
to patients with SV disease after successful PTCA 
(p < 0.05). Although the completely revascularized 
patients with MV disease had comparable results at 
follow-up examination, a statistically significant dif- 
ference between them and patients with SV PTCA 
was not achieved. This may be due to the small 
number of patients in this subgroup. Importantly, a 
low incidence of late cardiac events such as myocar- 
dial infarction, elective coronary artery bypass sur- 
gery, repeat PTCA and death was seen, irrespective 
of the degree of revascularization achieved by 
PTCA. It must be emphasized that in our study 
group incomplete revascularization was intentional 
in almost all cases. These patients, although possess- 
ing MV coronary artery disease, had a single signifi- 
cant ischemic zone that was successfully revascular- 
ized by PTCA. Hence, patients with incomplete 
revascularization achieved nearly complete func- 
tional revascularization in the absence of complete 
anatomic revascularization. Those in whom revascu- 
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larization was “incomplete by design” demonstrated 
benefits similar to those who were completely revas- 
cularized. 

Our findings confirm and extend those of previous 
investigations of PTCA for single and multivessel 
coronary artery disease. Vlietstra et al.’ obtained 
follow-up data on 55 patients with MV disease at 6- 
to 12-month intervals and found 75% improved 
subjectively, 56% were angina-free, and 16% subse- 
quently had bypass surgery. Cowley et al. reported 
on 44 patients with MV disease at a mean follow-up 
period of 26 months; 48% were asymptomatic, 64% 
were event-free and improved, 2% had late myocar- 
dial infarctions, and 18% had bypass surgery. Van- 
dormael et al." followed 66 patients after multile- 
sion PTCA for a minimum of 6 months and noted 
improvement in 90% of patients, myocardial infarc- 
tion in 2%, repeat PTCA in 9%, and bypass surgery 
in 9%. Our investigation analyzed a larger group of 
patients with MV disease and demonstrated a com- 
parable or better outcome and a lower incidence of 
subsequent bypass surgery than that of these series. 
Moreover, our study further supports the efficacy of 
PTCA in MV disease by showing improvement in 
activity level, work status, frequency of angina, and 
use of antianginal medications. l 

Other investigators have also evaluated the out- 
come of PTCA in patients with MV disease in terms 
of completeness of revascularization. Vandormael et 
al." who employed the same definition as in this 
report for completeness of revascularization, dem- 
onstrated a 16% incidence of both repeat PTCA and 
cardiac surgery at 6-month follow-up in the group 
with incomplete revascularization, whereas only a 
3% incidence of both repeat PTCA and cardiac 
surgery was seen in the group with complete revas- 
cularization. Mabin et al., who used a criterion of 
residual stenosis =70% to define incomplete revas- 
cularization, found a higher incidence of angina and 
the need for cardiac surgery at a mean 14-month 
follow-up examination of 35 patients with MV dis- 
ease who were incompletely revascularized. Both 
studies and the results reported herein, however, 
demonstrated symptomatic improvement in most 
patients with incomplete revascularization. In con- 
trast to those other reports, our patients who were 
incompletely revascularized did not have a higher 
incidence of angina or late cardiac events during 
follow-up examination. Perhaps the differences 
among studies can be attributed to factors such as 
patient selection or the strategy employed in per- 
forming PTCA. Hence, when utilizing a strategy 
that considers the ability of PTCA to dilate arteries 
supplying significant ischemic zones, salutary 
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results are obtained even in patients in whom revas- 
cularization is, by design, anatomically incomplete. 

Coronary artery bypass surgery has been the 
standard means of achieving revascularization for 
patients with MV disease and angina pectoris. 
Results of the Coronary Artery Surgery Study 
(CASS), however, indicate a 1-year incidence of 
myocardial infarction, death, and recurrent angina 
that is similar to that following PTCA as reported 
herein. Of MV disease patients randomized to sur- 
gery, only 70% were free of angina at 1 year. The 
annual mortality for double- and triple-vessel dis- 
ease was 1.0% and 1.5%, respectively. 1° The 
observational investigation reported herein was not 
designed to assess the relative merits of PTCA and 
coronary bypass surgery for patients with MV dis- 
ease. Given the favorable results of our investiga- 
tion, PTCA may be a reasonable initial therapeutic 
option for carefully selected patients with MV dis- 
ease. Certainly, the data reported herein provide 
further stimulus for a study to compare PTCA and 
coronary bypass surgery as therapy for patients with 
MV disease. 


The authors gratefully acknowledge the assistance of Mr. 
Steven Reinert in data collection and statistical analysis and of 
Mrs. Christine Abatiello for manuscript preparation. 
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Recurrent ischemia in the zone of prior 
‘myocardial infarction: Results of coronary. 
angioplasty of the infarct-related artery 


We studied the efficacy of coronary angioplasty (PTCA) of the infarct-related artery In 54 
patients with recurrent myocardial ischemia in the zone of prior infarction. Our patients had 
recurrent ischemia 10 + 7 days after infarction, with 75% experiencing rest angina and 15% 
having evidence of reinfarction. Angiography of the infarct-related artery demonstrated a critical 
stenosis In 35 of 54, a subtotal occlusion in 5 of 54, and a total occlusion in 14 of 54. PTCA was 
successful in 94% of critical stenoses, 80% of subtotal occlusions, but in only 50% of total 
occlusions. Complications related to PTCA included a 3.7% rate of emergency surgery, but no 
deaths or infarctions. During the clinical follow-up period of 11 + 7 months, there was one 
reinfarction and no deaths. Although 27% of our 44 patients with a successful Initial PTCA 
required a second revascularization procedure for recurrent angina, 40 patients (91%) remained 
symptomatically improved with angioplasty alone (including successful repeat PTCA in eight 
patients). We conclude that PTCA of the infarct-related artery is beneficial for selected patients 
with recurrent ischemia in the zone of prior infarction. (Au HEART J 1988; 115:14.) 


James Hopkins, M.D., Michael Savage, M.D., Andrew Zalewski, M.D., 
John P. Dervan, M.D., and Sheldon Goldberg, M.D. Philadelphia, Pa. 


Recurrent angina following a myocardial infarction 
is due to either ischemia of viable myocardium 


within the zone of prior infarction or to myocardial 


ischemia in a vascular bed at a distance from the 
infarct zone. While patients with ischemia at a 
distance have the worst prognosis, patients with 
ischemia in the zone of prior infarction also have 
significant risk of reinfarction or sudden death. 
‘Therefore, revascularization is generally recom- 
mended for patients with post infarction angina. 
Since patients with ischemia at a distance have 
multivessel disease, coronary artery surgery is usual- 


ly indicated and can now be performed with low . 


morbidity and mortality.”° In those patients with 
‘recurrent ischemia in the zone of prior infarction, 


percutaneous transluminal coronary angioplasty - 


(PTCA) of the infarct-related artery is an alterna- 
tive mode of myocardial revascularization. — 


The initial outcome of PTCA of the infarct- 


related artery and the efficacy of a successful PTCA 
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in preventing future adverse cardiac events associ- 


. ated with the infarct-related artery have not been 


widely documented. Therefore, the goals of this 
study were (1) to describe the clinical and angio- 
graphic findings of patients who have recurrent 
ischemia in the zone of prior infarction and are 
candidates for PTCA; (2) to identify factors that 
affect the initial outcome of PTCA of the infarct- 
related artery; and (3).to assess whether successful 
PTCA improves the long-term prognosis of patients 


. with recurrent ischemia i in the zone of prior infarc- 


tion. 


METHODS 


Patient selection. We reviewed the data from 352 
consecutive patients who underwent PTCA at Thomas 
Jefferson University Hospital from January, 1984, to 
March, 1986. The study group consisted of 54 PTCA 
candidates who had had a recent myocardial infarction 
complicated by recurrent myocardial ischemia within the 
zone of prior infarction. Selection for PTCA was based on 
the presence of a critical stenosis in the infarct-related ' 
artery and the ability to achieve complete revasculariza- 
tion with PTCA. Patients with triple-vessel or left main 
disease were excluded from consideration for PTCA. 
Recurrent ischemia was defined as follows: at least one 
episode of rest angina more than 10 minutes in duration or 
at least two episodes of exertional angina occurring within 
30 days of prior myocardial infarction. The determination 


-of ischemia localized to the infarct zone was made on the 


Volume 115 
Number 1, Part 1 


Table !. Clinical characteristics of 54 patients with recur- 
rent ischemia after myocardial infarction 


Age 56 years (range 35-70 years) 

Sex 43/54 (80%) males 

11/54 (20%) females 

81/54 (57%) 

28/54 (48%) 

30 anterior 

12 inferior 
9 inferoposterolateral 
2 indeterminate 

40/54 (75%) rest angina 

14/54 (25%) exertional angina 

10 + 7 days (range 2-27 days) 
7 + 5 days for rest angina 

16 + 9 days for exertional angina 
8/54 (15%) patients 


Q wave MI 
Non-Q wave MI 
Infarct location 


Clinical presentation 


Interval between MI 
and ischemic event 


Reinfarction 





MI = myocardial infarction. 


basis of ECG and/or angiographic criteria. Patients who 
were included on the basis of ECG criteria had at least a 1 
mm ST ségment shift from the isoelectric line or a T wave 
change during angina in the leads that demonstrated prior 
infarction. The angiographic criteria for inclusion was a 
75% to 100% “culprit” stenosis of the infarct-related 
artery. 

Clinical characteristics. The following descriptors were 
recorded: Q wave or non-Q wave infarction; infarct loca- 
tion; the time interval between myocardial infarction and 
post infarction angina; rest or exertional angina; ST 
segment shift or T wave change during angina; and the 
incidence of reinfarction. Non-Q wave infarction was 
defined by the presence of at least two of three criteria: 30 
minutes of chest pain, elevation of the creatine phospho- 
kinase (CPK) to at least twice the top normal value, or 
new persistent ST or T wave changes on the ECG. A Q 
wave infarction was present if pathologic Q waves evolved 
in at least two limb leads or three precordial leads. 
Reinfarction was defined as recurrent ischemia after a 
myocardial infarction associated with a new elevation of 
the CPK to at least twice the top normal value, recurrent 
elevation of the CPK with a positive MB fraction, or new 
Q waves in two leads of the ECG. 

Coronary arterlography and ventriculography. All cor- 
onary arteriograms were reviewed by two observers. The 
initial arteriogram of the infarct-related artery was evalu- 
ated for stenosis severity, morphology, thrombus, and 
collateral flow to the infarct vessel. Stenosis severity was 
assigned after reviewing an artery in two orthogonal views. 
Each stenosis was graded as (0% to 49%), (50% to 75%), 
(75% to 99%), subtotal occlusion (loss of continuity of 
contrast at the stenosis with Thrombolysis in Myocardial 
Infarction trial [TIMI] grade 1 or 2 antegrade perfusion),* 
or total occlusion (no antegrade flow). Stenosis morpholo- 
gy was judged by criteria similar to those of Ambrose et 
al.& concentric (symmetric stenosis with a relatively 
smooth border), eccentric-smooth (asymmetric stenosis 
with a smooth border), eccentric-irregular (asymmetric 
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Table Il. Electrocardiographic changes recorded in the 
leads of prior infarction during recurrent ischemia 


ST elevation 14 patients 
ST depression 12 patients 
T wave change 8 patients 





stenosis with irregular or scalloped border), and diffuse 
(segmental disease or serial stenoses). Angiographic evi- 
dence of intracoronary thrombus was defined as delayed 
staining of contrast at the site of occlusion or an intracor- 
onary filling defect surrounded by contrast. Collaterals to 
the infarct-related artery were considered present if there 
was collateral filling of the infarct-related artery itself or a 
branch vessel. An ejection fraction and a subjective evalu- 
ation of the infarct segment systolic function were record- 
ed in 41 patients who had ventriculography performed. 

Coronary angioplasty. PTCA was preformed by means 
of standard techniques.’ Inflation pressure was 80 to 140 
psi. Inflation duration was 1 to 5 minutes. After dilatation, 
all patients received intravenous heparin for 6 to 24 hours, 
a calcium channel blocker, aspirin, dipyridamole, and 
nitrates. PTCA success was defined as less than a 50% 
diameter narrowing at completion of the procedure, a final 
trans-lesional gradient less than 20 mm Hg, and no 
in-hospital recurrent ischemic event. 

During the follow-up period, patients and their physi- 
cians were questioned about the incidence of recurrent 
angina, reinfarction, sudden death, or an additional revas- 
cularization procedure. Repeat angiography was perform- 
ed in all symptomatic patients and was offered to all 
asymptomatic patients approximately 6 months after 
PTCA. 

Statistical analysis. Results were expressed as a 


‘mean + standard error of the mean. Values were com- 


pared within groups by means of Student’s paired t test 
and between groups by means of Student’s t test for group 
observations. Fisher’s exact test was used to evaluate the 
incidence of reinfarction in patients with and without ST 
elevation. 


RESULTS 


Clinical findings. The clinical characteristics of the 
54 patients with post infarction ischemia who under- 
went PTCA are presented in Table I. Recurrent rest 
angina occurred in 75% (40 of 54) patients and 
culminated in reinfarction in 15% (8 of 54) of 
patients. The time interval between myocardial 
infarction and recurrent ischemia was 10 + 7 days 
(range 2 to 27 days). This interval was significantly 
shorter in patients with rest angina (7 + 5 days) as 
compared to patients with purely exertional angina 
(16 + 9 days, p < 0.05). 

As demonstrated in Table I, ST segment shifts or 
T wave changes in the leads of the infarct zone were 
documented during post infarction angina in 34 
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Table Ill. Angiographic findings 





Infarct-related artery 
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LAD 30/54 (56%) 


RCA 14/54 (26%) 
LCX 10/54 (18%) 


Stenosis grade 


Morphology of 35 critical stenoses 


Critical stenosis 
Subtotal occlusion 
Total occlusion 
Eccentric-irregular 


35/54 (65%) 
5/35 (9%) 
14/35 (26%) 
25/35 (71%) 


Concentric 6/35 (17%) 
Eccentric-smooth 3/35 (9%) 
Diffuse 1/35 (3%) 
Intracoronary thrombus 23/54 (48%) infarct arteries 
Collaterals to the infarct zone 21/54 (89%) 
Single-vessel disease 39/54 (72%) patients 
Ejection fraction Mean 59 + 11% (range 26%-83%) 
Q Wave MI 55 + 12% 
Non-Q wave MI 64 + 9% 
Systolic function of the infarct segment Normal 5 
Mild hypokinesis 16 
Moderate hypokinesis 8 
Severe hypokinesis 6 
Akinesis 9 








LAD = left anterior descending artery; LCX = left circumflex artery; RCA = right coronary artery; other abbrevaitions as in Table I. 


Table IV. Clinical follow-up data in 44 patients with a 
successful PTCA of the infarct-related artery 








Mean Follow-up ll + 7 months 








Asymptomatic 30/44 (68%) 
NYHA II or III angina 11/44 (25%) 
Reinfarction 1/44 (2%) 
Lost to follow-up 2/44 (5%) 
Death 0 


Revascularization procedure 12/44 (27%) 








NYHA = New York Heart Association functional class; PTCA = percuta- 
neous transluminal coronary angioplasty. 


patients. The ECG changes recorded were ST eleva- 
tion in 14 patients, ST depression in 12 patients, and 
T wave changes in eight patients. Rest angina 
occurred in all 14 patients with transient or persis- 
tent ST elevation, and the combination of rest 
angina and ST elevation proved to be a marker of 
reinfarction of 8 of 14 (57%) patients. None of the 
20 patients with ST depression or T wave changes 
had enzyme evidence of reinfarction (p < 0.002). 

» Angiographic findings. The angiographic data are 
listed in Table III. Single-vessel disease involving 
the infarct-related artery was present in 72% (39 of 
54) of patients. The infarct-related artery was most 
frequently the left anterior descending (30 of 54, 
56% ), followed by the right coronary (14 of 54, 26%) 
and the circumflex (10 of 54, 19%) arteries. The 
infarct-related artery stenosis was a 75% to 99% 
stenosis, i.e., a critical stenosis (85 of 54, 65%), a 
subtotal occlusion (5 of 54, 9%), or a total occlusion 


(14 of 54, 26%). The morphology of the critical 
stenosis was eccentric-irregular in 25, concentric in 
six, eccentric-smooth in three, and diffuse in one. 
There was angiographic evidence of intracoronary 
thrombus in 43% (21 of 54) of infarct-related arteries. 

Collateral circulation. There were angiographic col- 
laterals to the zone of prior infarction in 39% (21 of 
54) of patients. The incidence of collaterals was 
higher in patients with total occlusion (9 of 14, 69%) 
or subtotal occlusion (three of five, 60%) than in 
patients with a critical stenosis but normal ante- 
grade flow (9 of 35, 26%). Of the seven patients with 
subtotal or total occlusion and no collaterals to the 
infarct-related artery, five presented with recurrent 
rest angina and acute ST elevation. 

Q wave vs non-Q wave infarction. A prior Q wave 
infarction occurred in 57% (81 of 54) of patients, 
while a non-Q wave infarction had occurred in the 
other 48% (28 of 54). A prior Q wave infarction was 
observed in 13 of 14 patients who demonstrated ST 
elevation during pain. The mean ejection fraction in 
the group with Q wave infarction was 55% + 12 
(range 26% to 75%) vs 64% +9 (range 53% to 
83%) for those with a non-Q wave infarction (NS). 
The segmental wall motion of the infarct zone is 
summarized in Table III. Prior Q wave infarction 
was present in 13 of 15 patients with severe hypo- 
kinesis or akinesis, while all five patients with 
normal segmental function had had a prior non-Q 
wave infarction. 

The angioplasty procedure. PTCA of the infarct 
artery was performed in all patients. In addition, 
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‘Fig. 1. PTCA success of the infarct-related artery for critical ater subtotal occlusions, and total 


occlusions. 


there were six multivessel cases (stenoses in other 
vessels) and three multilesion cases (stenoses in the 
same vessel) that were all successfully dilated. The 
success rate for all stenoses was 84% (53 of 63). Of 
the infarct-related artery stenoses, PTCA was suc- 
cessful in 81% (44 of 54). Successful PTCA of the 
infarct artery stenosis was achieved in 94% (33 of 
35) of critical stenoses, 80% (four of five) of subtotal 
occlusions, and in 50% (7 of 14) of total occlusions 
(Fig. 1). Of the 14 patients with total occlusion, four 
patients had recurrent ST elevation suggesting 
acute reocclusion of the infarct-related. artery. 
PTCA was successful in these four patients with 
“acute” total occlusion, but PTCA success was 
achieved in only 3 of 10 (30%) patients with a 
“nonacute” (absent ST elevation) total occlusion. 
Surgery was performed in 9 of the 10 patients who 
were PTCA failures. Inability to cross a total occlu- 
sion with a guidewire was the reason for PTCA 
failure in 14.8% (7 of 54) of cases. A PTCA-induced 


dissection was the reason for emergency surgery in 


3.7% (2 of 54) of patients. There were no myocardial 
infarctions, deaths, or acute reclosure syndromes 
related to the PTCA procedure. 

Clinical follow-up. The mean follow-up are was 
11 + 7 months (range 4to 20 months) (Table IV). Of 
the 44 patients with initial successful PTCA, 68% 
(30 of 44) were asymptomatic, 25% (11 of 44) 
experienced New York Heart Association (NYHA) 
class IT or II angina, 2% (1 of 44) presented with a 
recurrent myocardial infarction, and 5% (2 of 44) 
were lost to follow-up. There were no deaths during 
the follow-up period. ` 


Angiographic follow-up was limited to 28 of 44 
(64%) patients who had a catheterization 5 + 3 
months (range 1 to 8) after PTCA. Restenosis was 
observed in 13 patients and was associated with ' 
recurrent angina in 10 of these 13 patients. The ` 
patients were treated as follows: successful repeat 
PTCA in eight of nine patients, surgical revascular- 
ization for two patients, and medical therapy for two 
patients. Surgery was also performed in one patient 
with progression of disease in vessels other than the 
infarct-related artery. Thus, 27% (12 of 44) of - 
patients required a second revascularization proce- 
dure. Including the eight patients with successful 


_repeat PTCA, 40 of 44 (91%) patients remained `- 


symptomatically improved with angioplasty alone. 
DISCUSSION 


Clinical and angiographic findings. It is difficult to 
predict on clinical grounds which patients will have 
recurrent ischemia in the zone of prior infarction. 
The patients in this study had recurrent myocardial 
ischemia after both Q wave (57%) and non-Q wave 
(48%) infarctions. In our patients with Q wave - 
infarctions, there was a trend toward. a lower ejec- - 
tion fraction and more severe systolic dysfunction of 
the infarct segment. However, 13 of 14 patients with 
recurrent ST elevation had a prior Q wave infarc- 
tion, suggesting that there was viable myocardium i in . 


- the zone of prior infarction despite the presence of 


pathologic Q waves and severe pementa, systolic - 
dysfunction. 

Most of our patients had an unstable clinical 
course following myocardial infarction prompting - 
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immediate angiographic. evaluation of coronary 
anatomy. Karly recurrent rest angina occurred in 
75% of patients. Rest angina with recurrent ST 
elevation and evidence of reinfarction was present i in 
15% of patients. 

Arteriography of the infarct-related artery most 
frequently demonstrated a critically stenosed but 
patent artery with normal antegrade flow. The most 
common stenosis morphology was an eccentric, 
irregular lesion, which has been previously charac- 
terized as an “active, unstable” plaque.® There was a 
smaller group of patients with a subtotal or total 
occlusion of the infarct-related artery. These 
patients had poor or absent antegrade flow, so that 
perfusion of the infarct zone was largely dependent 
on collateral circulation: As reported by Freedman 
et al.,7 angiographic collaterals were more common 
in patients with an occlusion of the infarct-related 
artery. The physiologic importance of these collater- 
als was demonstrated by the five of seven patients 
with subtotal or.total occlusion and no angiographic 
collaterals, who presented with acute recurrent ST 
elevation and evidence of reinfarction.’ 

Patients with recurrent ischemia were selected for 
PTCA on the basis of the arteriogram of the 
infarct-related artery and the absence of triple- 
vessel or left main disease. Single-vessel disease. of 
. the infarct-related artery was present in 72% of our 


+, patients. Other than six carefully selected cases, 


patients with multivessel disease were not offered 
PTCA because of the possible complications associ- 
ated with multivessel PTCA” and the potential for 
causing severe myocardial dysfunction when dilat- 
ing a vessel that supplies i ata distance 
from the infarct zone. 

Results of coronary angioplasty. PTCA of the 
infarct-related artery had a high initial success rate 
for patients exhibiting a critical stenosis, subtotal 
occlusion, or total occlusion with acute ST elevation. 
The procedure had limited efficacy in those patients 
with a “nonacute” total occlusion. Inability to cross 
the occlusion with any available guidewire was the 
reason for PTCA failure. Thus, the success rate for 
PTCA of the infarct-related artery is similar to the 
results of PTCA previously reported for nontotal!) © 
and total” coronary artery occlusions. 

Complications related to PTCA were uncommon. 


A PTCA-induced dissection was the reason for- 


emergency surgery in 3.7% (2 of 54) of patients. 
There were no deaths or myocardial infarctions 
associated with the PTCA procedure. Prior studies 
have reported an increased incidence of acute clo- 
sure syndrome after PTCA is performed in arteries 
with intracoronary thrombus“ or eccentric 
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plaques. Despite the fact that angiographic evi- 
dence of intracoronary thrombus was present in 
43% of our patients and an eccentric, irregular 
plaque was observed in the majority of patients, 
acute closures were not observed. 

Long-term efficacy of PTCA. Previous reports! 
documented recurrent angina in 8% to 57% of 
patients following myocardial infarction. The pres- 
ence of post infarction angina is associated with a 
17% to 34% incidence of reinfarction and an 
increased risk of sudden death in the first year after 
myocardial infarction.» *” Gleckel et al.” reported 
that even patients with single-vessel disease and 
post infarction angina have a 20% incidence of 
death or reinfarction during a 39-month follow-up. 

The prognosis of our patients who had a success- 
ful PTÇA was good. There v was only one reinfarction 
and no deaths during a mean follow-up period of 11 
months. However; restenosis did limit the long-term 
efficacy of the procedure in 27% of our patients who 
required a second revascularization procedure. 
` Limitations of present study. Any comparison of the 
clinical course. of our patients to a surgical’ or 
medical series is limited because of bias introduced 
by the use of. historic controls. Furthermore, our 
patients were neither prospectively evaluated nor 
randomized to therapy. However, the majority of 
patients in this series had angina that was refractory 
to maximal medical therapy. Had they participated 
in a randomized trial of PTCA vs medical therapy, 
the majority of patients assigned to medical therapy 
would have “crossed over” to PTCA. This study 
reflects the experience of applying PTCA to patients 
with recurrent ischemia in the same zone as prior 
infarction, and therefore provides information on 
the expected clinical course following PTCA i in this 
high-risk group. 

Previous studies. Although the indications for 
PTCA have expanded, there are few reports of 
applying the technique in the setting of post infarc- 
tion angina. Gottlieb et al.” reported a 91% success 
rate in 46 infarct-related arteries and nine nonin- 
farct-related arteries. Recurrent angina occurred in 
22% during follow-up. Holt et al.” reported an 80% 
PTCA success rate in 69 patients. There was one 
death associated with PTCA, two patients experi- 
enced reinfarction during follow- -up, and 24% ‘of 
patients required a second revascularization proce- 
dure. DeFeyter et al.“ have also reported their 
experience with the application of PTCA in 53 
patients with post infarction angina. PTCA for 
ischemia at a distance was performed in 16% of 
patients and PTCA success was achieved in 89% (47 
of 58) of all cases. There were two reinfarctions and 
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26% of patients had recurrent angina during follow- 
up.” 

Clinical implications. Recurrent angina after a myo- 
cardial infarction carries a poor prognosis, and early 
revascularization should be considered. In patients 
with ischemia in the zone of prior infarction, PTCA 
of the infarct-related artery is an attractive thera- 
peutic modality for improving perfusion of the 
infarct zone. While technical factors compromised 
PTCA success for “nonacute” total occlusions, 
PTCA of the infarct-related artery was an angio- 
graphic and clinical success in most patients with 
myocardial ischemia in the zone of prior infarction. 
Although a substantial minority of patients required 
a second revascularization procedure, the long-term 
prognosis was good. Additional prospective studies 
are required to determine if PTCA of the infarct- 
related artery decreases the incidence of reinfarction 
and sudden death during follow-up. 
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Factors that determine the occurrence of 
reperfusion arrhythmias | | 


The determinants of reperfusion arrhythmias were investigated in 63 open-chest dogs 
undergoing a 25-minute coronary artery occlusion followed by reperfusion. Heart rate correlated 


an positively with the occurrence of reperfusion ventricular tachycardia (VT) and ventricular : 


fibrillation (VF). Collateral flow during ischemia (radioactive microspheres) exhibited a strong 
negative correlation with the incidence of both VT and VF upon reperfusion. Importantly, a 
sensitive coupling was present, whereby smali differences In flow were associated with large 
_differences in rhythm disorders. The rise in intramyocardial CO, tension (another index of 
severity of ischemia) was greater in dogs exhibiting reperfusion VT (p < 0.001) and VF (p < 0.08); 
however, this varlable was significantly correlated with collateral flow (r = -0.57, p < 0.01). The 

` size of the occluded coronary bed, determined by postmortem perfusion, was not consistently | 
related to VT: within a given range of occluded bed sizes, the incidence of VT was Inversely | 
related to collateral flow. Thus, reperfusion-induced VT is relatively independent of the size of 
the occluded bed, and is determined primarily. by the degree of myocardial hypoperfusion. ‘In. 
contrast, VF did not develop with occluded beds < 25% of the left ventricular mass; above this 
critical occluded bed sizé, its incidence was: inversely related to collateral perfusion. Reperfusion 
VF is therefore determined by the association of a large occluded bed with a@ poor collateral. 
flow. This study identifies and systematically analyzes three major. determinants of reperfusion 
arrhythmias: (1) the severity of antecedent Ischemia, estimated either ‘from the degree of fiow 
reduction or the rise in Intramural CO, tension; (2) the amount of ischemic/reperfused | 
myocardium; and (3) the heart rate. In addition to conceptual interest and clinical implications, 
the findings have important implications for the design of future studies aimed at evaluating 
antiarrhythmic interventions In experimental models. (Am Heart J 1988; 115:20.) : : 


' Roberto Bolli, M.D., and Bharat Patel, M.D. cas Texas’ 


Although reperfusion anny tbmias were SAn aoe tion (vey and that reparhision arrhythmias may 
scribed some 50 years ago, relatively little attention , account for some cases of sudden cardiac death.’ 
has been paid to this phenomenon until the late ` - Although reflow-induced rhythm disturbances are 
1970s.? Over the past decade, however, the recogni- . observed both experimentally” * 7 and clinically,” ® 
tion that myocardial reperfusion occurs ‘spontane-__ their occurrence is highly variable*’ and the factors 
ously following coronary artery spasm? and throm- responsible for this variability are not fully under- 
bosis,* along with the rapid growth of interventional stood. As. a result, investigation of reperfusion 
recanalization for acute myocardial infarction, have . arrhythmias and evaluation of antiarrhythmic ther- 
revived intense interest in reperfusion-induced apy are often difficult. In a previous study,” we 
rhythm disturbances: In particular, it has been found that the arrhythmias induced by acute myo- 
proposed that abrupt restoration of flow may pre- ‘cardial ischemia are related to the magnitude of 
cipitate ventricular tachycardia (VT). and fibrilla- ` blood flow reduction, the amount of ischemic myo- 
mae ae on cardium, and the heart rate during ischemia. The 
_ objective of this study was to analyze the determi- 
nants of reperfusion-induced arrhythmias. We 
From the Experimental Animal Laboratory, Section of Cardiology, Depart- employed a previously. described*” canine model of 
ment of Medicine, Baylor College of Medicine. . acute myocardial ischemia and reperfusion that is 
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Fig. 1. Relation between heart rate immediately prior to reperfusion and reflow-induced ventricular 
tachycardia ({VT] left panel) and ventricular fibrillation ([ VF] right panel). In each panel, the left side 
shows heart rate in dogs that developed the arrhythmias (solid circles) and in those that did not (open 
circles) (larger circles with brackets represent mean + SEM); the right side illustrates the incidence of 
the arrhythmias as a function of heart rate. The heart rate ranges examined are identified by the brackets 
on the vertical axis. In this and in the remaining figures, values coinciding with a division point between 
the two ranges were classified in the higher range; ranges were selected to include a minimum of three 
observations. *p <0.01; **p <0.005 vs dogs without the arrhythmia. 


METHODS 


This study was conducted in the same group of dogs 
previously used for the analysis of ischemia-induced 
arrhythmias.’ Both the experimental preparation and the 
protocol have been described in this prior report? and will 
be briefly summarized here. 

Experimental preparation. One hundred one mongrel 
dogs of either sex, weighing 13 to 36 kg, were sedated with 
sodium thiamylal (10 mg/kg, intravenously) and anesthe- 
tized 10 minutes later with alpha-chloralose (70 mg/kg, 
intravenously). The dogs were intubated and ventilated 
with room air by a volume respirator. Following a left 
thoracotomy, the left anterior descending coronary artery 
(LAD) was isolated from the adjacent tissues and encir- 
cled by a snare. Different sites of occlusion were chosen in 
different animals, so that a wide range of ischemic zone 
sizes could be examined. A Doppler ultrasonic flow probe 
was placed around the LAD below the site of occlusion. 
Polyethylene catheters were inserted through the left 
atrial appendage into the left atrium and through the left 
carotid artery into the aorta. A solid-state pressure trans- 
ducer (Konigsberg Instruments, Inc., Pasadena, Calif., 
model P-20) was positioned in the left ventricular (LV) 
cavity through an apical stab wound. All hemodynamic 


parameters (aortic pressure, LV pressure, LV dP/dt, left 
atrial pressure, LAD blood flow velocity) and leads I and 
TII of the ECG were continuously recorded throughout the 
study on an eight-channel direct-writing oscillograph 
(Gould Brush System 2000, Gould Recording Systems, 
Cleveland, Ohio). 

In 49 dogs, intramyocardial carbon dioxide tension was 
monitored with the Medspec II mass spectrometer (Che- 
metron Corp., Baltimore, Md.), as previously de- 
scribed.*" Briefly, spectrometer probes (EXTC Teflon 
catheters, Chemetron Corp.) were inserted into the myo- 
cardium with their longitudinal axis approximately paral- 
lel to the epicardial surface. In each dog, one probe was 
positioned in the center.of the soon-to-be ischemic zone 
and the other in an area remote from it. Intramyocardial 
CO, tension was measured continuously from each probe. 
In the remaining 52 animals, intramyocardial CO, tension 
could not be measured because of technical problems; 
however, in these dogs two spectrometer probes were 
placed just as described, so that the experimental pre- 
paration was similar in the entire group of animals 
studied. 

Experimental protocol. The preparation was allowed to 
stabilize for approximately 45 minutes after instrumenta- 
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Table I. Independent variables (hemodynamics, occluded bed, collateral blood flow, and intramyocardial CO, tension) 
before LAD occlusion and immediately before reperfusion 











OB RMBEF (ml/min/gm) 
AR AP LAP : 
(bpm) (mm Hg) (mm Hg) (gm) “(%LV mass) OB NOB 
Before occlusion 163 + 2 108 + 2 5.6 + 0.2 — —_ 1.16 + 0.07 1.17 + 0.06 
(n = 101) (101) (101) (101) (50) (50) 
Immediately before 169 +3 99 +3 6.2 + 0.3 23.6 + 1.8 29.5 + 1.2 0.17 + 0.08 1.25 + 0.09 
reperfusion (63) (63) (63) (87) (37) 
(n = 68) 








Values are mean + SEM. Of the 101 dogs undergoing coronary artery occlusion, 23 died of VF and 15 did not undergo complete reperfusion (i.e., reperfusion 
of the entire occluded bed); thus, only 63 dogs were studied in the reperfusion phase. Numbers in parentheses indicate the number of dogs in which 
measurements were performed. 

AP = mean aortic pressure; HR = heart rate; LAD = left anterior descending coronary artery; LAP = mean left atrial pressure; LV = left ventricular; 
NOB = nonoccluded coronary bed; OB = occluded coronary bed; PmCO, = intramyocardial carbon dioxide tension; RMBF = regional myocardial blood 
flow. 

*Change from preocclusion measurement. Before coronary occlusion, intramyocardial CO, tension was similar in the bed to be occluded and in the control 
bed; during occlusion, CO, tension rose in the occluded bed whereas it remained essentially unchanged in the nonoccluded bed. 


Table Il. Correlation between the independent variables and the number of arrhythmic episodes per minute and the 
duration of ventricular tachycardia 








HR AP LAP OB CBF APmCO, 

(bpm) (mm Hg) (mm Hg) (%LV mass) (%NZF) (mm Hg) 
PVC/nin 0.14 0.12 0.05 0.16 —0.01 0.15 
p 0.10 0.13 0.32 0.08 0.48 0.15 
VT/min 0.22 —0.02 0.15 0.16 —-0.41 0.39 

p 0.03 0.43 0.11 0.09 <0.005 <0.005 

Total VEC/min 0.25 0.06 0.14 0.16 —0.22 0.37 
p 7 <0.01 0.30 0.10 0.14 0.07 <0.01 
Maximal VT duration* —0.24 —0.05 0.15 0.01 0.11 0.15 
p 0.07 0.38 0.19 0.47 0.32 0.24 














The correlations were analyzed by a nonparametric method (Kendal!’s rank correlation) because the number of arrhythmic events per minute did not follow 
a normal distribution.!® For each pair of variables, the Kendall’s rank correlation coefficient with the relative significance value is reported. This coefficient 
varies from +1 for complete positive correlation through 0 for no correlation to —1 for complete negative correlation. The number of arrhythmic events is 
normalized to the duration of coronary reperfusion (the first 20 minutes of reperfusion were analyzed). ` 

PVC/min = number of premature ventricular complexes per minute; VEC/min = total number of ventricular ectopic complexes per minute (includes 
premature ventricular complexes and beats of ventricular tachycardia); VI'/min = number of episodes of ventricular tachycardia per minute; 
CBF = collateral blood flow to the occluded bed (expressed as percent of simultaneous nonischemic zone flow [NZF]; APmCO, = increase in 
intramyocardial carbon dioxide tension from preocclusion values in the ischemic region; VT = ventricular tachycardia (defined as 23 consecutive 
ventricular ectopic depolarization); other abbreviations as in Table I. 

*Measured in seconds (the longest episode of ventricular tachycardia was analyzed in each dog). 


the canine model, (1) almost all of the immediate post 
occlusion arrhythmias (Harris phase I) occur within 25 
minutes!“ 6 and (2) the incidence of reperfusion arrhyth- 
mias peaks after 20 to 30 minutes of ischemia.®? Occur- 
rence of reactive hyperemia immediately after release of 


tion. Radioactive microspheres (15 ym in diameter) 
labeled with ®Sr, “Sc, Nb, or “Ce were then injected in 
random order as previously described" to determine 
regional myocardial blood flow under baseline conditions. 
Ten minutes after microsphere injection, the LAD was 


occluded with a bulldog clamp. The ECG was recorded 
throughout the occlusion phase at a paper speed of 5 
mm/sec. In 64 dogs, a second injection of radioactive 
microspheres was given 8 to 10 minutes after occlusion to 
measure regional myocardial blood flow during ischemia. 
Animals that developed VF during coronary occlusion 
were excluded from this study. 

Twenty-five minutes after LAD occlusion, the ischemic 
bed was abruptly reperfused by removing the arterial 
clamp. Reperfusion was performed at this time because, in 


the clamp was verified in each dog by the Doppler flow 
probe measurements. The ECG was recorded at a paper 
speed of 25 mm/sec during the first 2 minutes and at 5 
mm/sec during the subsequent 18 minutes of reperfusion. 
Fifteen dogs were excluded from the analysis of reflow 
arrhythmias because they underwent incomplete reperfu- 
sion (i.e., reperfusion limited to part of the ischemic zone) 
as part of a separate protocol.” 

Twenty to 40 minutes after reperfusion, the dogs were 
killed with an intravenous injection of cadmium chloride 
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PmCO, (mm Hg) 


OB E NOB 
42.4 + 1.5 40.2 + 1.9 
(49) (49) 
165.3 + 10.6 41.44 2.4 
(A = + 122.9 + 8.9)* (A=+12 + 0.7)* 


(28) (28) 


and the hearts were excised. Brilliant blue (10 ml of 1% - 


solution in normal saline) was injected into the LAD just 
distal to the site of occlusion. This technique identifies the 
region that is normally supplied by the injected artery and 
that therefore becomes collateral-dependent during coro- 
nary occlusion—i.e., the occluded vascular bed." Particu- 
lar care was taken to inject the dye at low pressure to avoid 
perfusion of nonoccluded vasculature via collateral chan- 
nels. In a previous study,’ we have shown that the size of 
the occluded bed estimated by isolated low-pressure per- 
fusion of the distal LAD is not appreciably different from 
that estimated by simultaneously perfusing the occluded 
coronary artery and the aortic root at equal physiologic 
pressures with two different solutions. á 

The heart was cut into five to six ‘transverse slices. The 
LV portion of each slice was isolated and divided into 
stained and unstained parts, corresponding to the perfu- 
sion beds of the occluded and nonoceluded coronary 
arteries, respectively. The total weight of the occluded bed 
and of the left ventricle was determined. Transmural 
blocks (1 to 3 gm) were obtained from the occluded and 
nonoccluded beds. To avoid admixture of ischemic and 
nonischemic tissue, ischemic specimens were obtained at 
least 1 cm inside the boundaries of the stained region. 
Tissue immediately adjacent to the spectrometer probes 
was discarded. Each specimen was divided into endocardi- 
al and epicardial halves and weighed. The radioactivity of 
the tissue and reference blood samples was determined 
with a sodium iodide crystal well counter (model 1185, 
Tracor Analytic Co., Elk Grove Village, Ill.) Regional 
myocardial blood flow was calculated by standard meth- 
ods” by means of a computer-assisted program. 

Analysis of arrhythmias. Reperfusion arrhythmias 
were defined as those occurring within 20 minutes of 
release of the LAD clamp. The following rhythm disorders 
were analyzed: PVCs, VT, VF, and total number of ectopic 
ventricular complexes (i.e., the sum of PVCs and beats of 
VT). In order to correct for the shorter observation period 
in dogs that died of VF, the number of arrhythmic events 
was normalized for the duration of coronary reperfusion." 
VT was defined as a sequence of three or more consecutive 
ventricular ectopic complexes at a rate of >100/min. VT 
consisting of 10 beats or more (“prolonged” VT) was also 


> examined. Prolonged VT has more serious hemodynamic 


implications and greater likelihood of degenerating into 
VF, and hence represents a more severe arrhythmia.’ 
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Statistical analysis. All measured variables are report- 
ed as the mean + SEM. Comparisons of means were 
performed with the two-tailed Student’s ¢ test for 
unpaired data. The incidence of arrhythmias was analyzed 
by the chi square test with Yates’ correction for continu- 
ity. The relationships between the independent variables 
were analyzed by linear regression (least-squares method) 
because these variables were normally distributed.” The 
number of PVCs and episodes of VT and the total number 
of ventricular ectopic complexes, however, did not follow a 
normal distribution; therefore, the correlation of these 
quantities with the independent variables were examined 
by nonparametric methods (Kendall’s rank correlation 
coefficient). p values <0.05 were considered statistically 
significant. 


RESULTS 


Of the 101 dogs that underwent LAD occlusion, 23 
developed VF during ischemia. Analysis of the 
rhythm disorders in these animals has been pub- 
lished previously.” Fifteen dogs that survived the 
occlusion phase underwent incomplete reperfusion 
as part of a separate protocol”; these animals were 
not included in the present analysis. The remaining 
63 dogs that survived the occlusion phase and 
underwent complete LAD reperfusion form the 
basis of the present report. Of these, 31 (49%) 
developed VT, 28 (44%) developed prolonged VT, 
and 22 (85%) developed VF upon release of coro- 
nary occlusion. 

Independent variables. Table I summarizes the 
independent variables analyzed, namely, heart rate, 
mean aortic pressure, mean left atrial pressure, 
occluded bed size, collateral blood flow, and the rise 
in intramyocardial CO, tension. Collateral flow was 
calculated both as an absolute value (ml/min/gm) 
and as percent of simultaneous flow to the nonis- 
chemic zone. The latter value more accurately 
refiects the adequacy of collateral blood supply, 
because it relates flow to the ischemic region to the 
flow necessary to meet myocardial oxygen require- 
ments (i.e., nonischemic zone flow); thus, it provides 
an estimate of the oxygen supply/demand ratio in 
the ischemic region.” This approach also minimizes 
the variability due to the microsphere technique.” 
Accordingly, in this communication collateral flow is 
expressed as percent of simultaneous nonischemic 
flow, although absolute values are also presented in 
Table I. In general, the results obtained with relative 
and absolute values were similar. 

The following pairs of independent variables were 
significantly correlated: heart rate and aortic pres- 
sure (r = 0.39, p <0.01); left atrial pressure and 
aortic pressure (r = 0.37, p <0.05); left atrial pres- 
sure and collateral flow (r = —0.37, p <0.01; left 
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Table Ill. Hemodynamics, occluded bed, collateral blood flow and intramyocardial CO, tension in dogs with and with- 


out arrhythmias during LAD reperfusion 





VT of any duration 


VT 2 10 beats 








Independent variable Present Absent 
HR (bpm) 168 +5 151 + 4 
(31) (32) 
AP (mm Hg) 100 + 3 98 +6 
(31) (32) 
LAP (mm Hg) 6.7 + 0.5 5.8 + 0.5 
(31) (82) 
OB (%LV mass) 31.5 = 1.4 27.3 + 1.7 
(31) (32) 
CBE (%NZF) 7.6 + 0.8 21.4 + 2.7 
(18) (19) 
_ APmCO, (mm Hg) 150 + 12 96 +9 
(14) (14) 


p Present Absent p 

<0.01 166 +5 154 +4 0.06 
(28) (85) 

0.82 989 +4 9945 0.99 | 
(28) (85) 

0.20 6.8 + 0.6 5.8 + 0.4 0.20 
(28) : (35) 

<0.10 315+ 15 27.7416 0.09 
(28) (35) 

<0.001 7.5 +10 18.5 + 2.4 <0.005 
(13) (24) © 

<0.001 155 + 12 99 +9 <0.001 
(12) (16) 





Values are mean + SEM. Systemic hemodynamics and intramyocardial carbon dioxide tension-were measured immediately before release of LAD 
occlusion, whereas collateral flow was determined 10 minutes after LAD occlusion. The number of dogs in each group is indicated in parentheses. 
VF = ventricular fibrillation; VT 2 10 beats = ventricular tachycardia consisting of 10 or more beats (“prolonged”); other abbreviations as in Tables J and 


IL 


atrial pressure and rise in intramyocardial CO, 
tension at 25 minutes of ischemia (r = 0.40, p <0.01); 
collateral flow and rise in CO, tension at 25 minutes 
(r = -0.57, p <0.01). It should be noted that 
although these correlations were statistically signifi- 
cant, they were relatively weak. 

Relation of reperfusion arrhythmias to the Indepen- 
dent variables 

1. Premature ventricular complexes. The num- 
ber of single PVCs following coronary artery reper- 
fusion did not correlate with any of the independent 
variables examined (Table ID). 

2. Ventricular tachycardia, Heart rate was great- 
er (p<0.01) in dogs that developed reperfusion VT 
compared to those that did not (Table III, Fig. 1). 
The incidence of VT did not change consistently 
with heart rate in the range of 100 to 180 bpm. 
However, dogs with heart rate > 180 bpm exhibited 
a higher incidence of VT (10 [91%] of 11) than the 
~ remaining animals (21 [40%] of 52, p <0.01). No 


values for heart rate could be identified below which | 


VT did not occur. Neither arterial nor left atrial 
pressure correlated with VT (Table ITI). Although 
the occluded bed tended to be greater in dogs 
developing reperfusion VT, the difference was not 
statistically significant (Table III, Fig. 2). 

The magnitude of coronary collateral flow during 
ischemia exhibited a strong negative correlation 
with the incidence of VT upon reperfusion (Table 
IH, Fig. 3). Collateral flow was markedly lower (p 
<0.001) in dogs that developed VT as compared to 
those that did not (Table II). Sixteen (94%) of the 
17 dogs with collateral flow <11% of nonischemic 


zone flow developed VT, but none of the 12 animals 
with collateral flow >17% of nonischemic zone flow 
did (p <0.001). When the occurrence of VT is 
examined in graded collateral flow ranges (Fig. 3), it 
becomes apparent that the incidence of this arrhyth- 
mia decreased from a very high (>90%) to a very low 
(<10%) value within a narrow range of collateral 
perfusion (10% to 15% of nonischemic zone flow). 

The rise in intramyocardial CO, tension in the 
ischemic region at 25 minutes of ischemia exhibited 
a strong positive correlation with the incidence of 
VT upon subsequent reperfusion (Table III, Fig. 
4). 

Fig. 5 illustrates the relation of reperfusion VT to 
size of the occluded bed and magnitude of collateral 
flow in the 37 dogs in which both variables were 
measured. Even when differences in occluded bed 
size are taken into account, the incidence of reperfu- - 
sion VT is still strongly related to collateral func- 
tion. For example, among dogs with occluded bed 
size =25% of the LV mass, the incidence of VT was 
74% (17 of 23) in those with collateral ow <14% of 
nonischemic zone flow vs 0% among those (n = 8) 
with higher collateral flow (p <0.01). 

In addition to the occurrence of VT, we analyzed 
two other aspects of this arrhythmia: (1) the total 
number of episodes of VT per minute of reperfusion 
(which measures the tendency of VT to recur after 
an initial episode) and (2) the maximal duration of 
VT (measured in seconds as the longest episode of 
the arrhythmia). As shown in Table II, the number 
of episodes of VT per minute of reperfusion was 
significantly correlated with heart rate (p = 0.03), 
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VF 
Present Absent p 
175 +5 153 + 3 <0.005 
(22) (41). 
102 +5 98 +4 0.55 
(22) (41) 
7.2 + 0.7 5.8 + 0.4 0.06 
(22) (41) 
33.8 + 1.2 27.0 + 1.5 <0.005 
(22) (41) 
7.5 + 0.9 20.1 + 2.5 <0.001 
(16) (21) 
143 + 13 110 + 11 0.08 
(11) (17) 





collateral flow (p <0.005), and intramyocardial CO, 
tension (p <0.005). Thus VT is more likely both to 
occur and to recur as heart rate and intramyocardial 
CO, tension increase and collateral flow decreases. 
The maximal duration of VT did not significantly 
correlate with any of the independent variables 
(Table II). 

3. Ventricular fibrillation. Heart rate was the 
only hemodynamic variable that demonstrably cor- 
related with reflow VF (Table III, Fig. 1). Heart rate 
was higher (p <0.005) in the group of dogs sustain- 
ing VF compared to the survivors. The incidence of 
VF did not change consistently with heart rate up to 
180 bpm, but increased significantly above this 
value (42% [22 of 52] in dogs with heart rates <180 
bpm vs 82% [9 of 11] in dogs with rates >180 bpm, 
p <0.05). 

Dogs exhibiting VF upon reperfusion had larger 
occluded beds (p <0.005) than survivors (Table III, 
Fig. 2). None of the 15 animals with occluded bed 
size <25% of LV mass sustained VF, whereas 22 
(46%) of the 48 dogs with occluded bed size =25% 


of LV mass did (p <0.001), suggesting that reperfu- | 


sion must involve a minimal mass of myocardium 
(approximately 25% of the left ventricle) in order 
for reflow-induced VF to develop in this model. 
Coronary collateral flow during occlusion exhib- 
ited a strong negative correlation with the incidence 
of VF upon subsequent reperfusion (Table III, Fig. 
3). Collateral perfusion was markedly lower in dogs 
that developed this arrhythmia than in those that 
did not (p <0.001). Reperfusion VF developed con- 
sistently in dogs with collateral flow <11% of nonis- 
chemic zone flow (16 of 17 [94%]), but was com- 
pletely absent in those with collateral flow >17% of 
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nonischemic zone flow (0 of 12, p <0.001). Impor- 
tantly, the incidence of VF declined from 94% to 
10% within a narrow range of collateral perfusion 
(10% to 15% of nonischemic zone flow). 

The rise in intramyocardial CO, tension in the 
ischemic zone 25 minutes after coronary occlusion 
tended to be greater in dogs that exhibited VF, but 
the difference was not statistically significant (Table 
II, Fig. 4). 

Fig. 5 illustrates the correlation between reperfu- 
sion VF and occluded bed size and collateral flow in 
the 87 dogs in which both measurements were 
available. Similar to the results reported for the 
entire group (Fig. 2), in this subgroup no dog with an 
occluded bed size <25% of LV mass sustained VF 
(Fig. 5). Above this “threshold” value, the occur- 
rence of VF was quite variable, involving 52% of the 
dogs (16 of 31). This figure demonstrates that this 
variability is largely dependent on collateral func- 
tion. For example, 16 (70%) of 23 animals with 
collateral flow <14% of nonischemic zone flow 
sustained VF, whereas none of those (n = 8) with 
higher collateral flow did (p <0.01). Thus, a large 
occluded bed appears to be necessary but in itself 
not sufficient to precipitate reperfusion VF; a poor 
collateral function must also be present. Occluded 
bed size and collateral flow accounted for most of 
the variability observed in the occurrence of reper- 
fusion-induced VF in this study (Fig. 5). 


DISCUSSION 


Demonstrated in this study are four major corre- 
lates of reperfusion arrhythmias: (1) the magnitude 
of coronary collateral flow, (2) the size of the 
occluded vascular bed (3) the heart rate, and (4) the 
rise in intramyocardial CO, tension during ischemia. 
Since the first three variables were not related to 
each other, they should be considered independent 
determinants of reperfusion arrhythmias. The 
fourth variable—the rise in intramyocardial CO, 
tension—was inversely related to collateral flow and 
therefore its impact upon arrhythmias reflects in 
part that of collateral perfusion. 

This study provides several new findings. Previ- 
ous investigations have examined the impact of 
ischemic zone fow”™* and ischemic zone size?” on 
reperfusion VF. Our study is the first to address the 
following questions: (1) What are the relative roles 
of ischemic zone flow and ischemic zone size in the 
development of reperfusion arrhythmias? (2) What 
is the relation between intramyocardial CO, tension 
during coronary occlusion (a sensitive index of isch- 
emia) and arrhythmias induced by subsequent 
reperfusion? (3) What are the factors that determine 
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Fig. 2. Relation between size of the occluded bed (expressed as percent of left ventricular (LVI mass) 
and reperfusion arrhythmias. Format, abbreviations, and symbols as in Fig. 1. The occluded bed. was 
significantly greater in dogs developing VF than in survivors (*p <0.005), whereas the difference between 
dogs with and without VT was not significant (p <0. 20), : 
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the occurrence of PVCs aa VT upon reperfusion? 
Another difference from previous investigations is 


that the large number of animals studied (63 dogs) 
allowed us to accurately define how the incidence of ` 
reperfusion arrhythmias varies as a function of heart © 


rate, ischemic zone size, and ischemic zone flow 
(Figs. 1 to 3). 

Collateral flow and reperfusion arrhythmias. Of all 
the variables analyzed, collateral flow was the stron- 
gest predictor of reperfusion arrhythmias. The 
greater the compromise of blood supply during 
ischemia, the higher the incidence of VT and VF and 
the tendency of VT to recur upon subsequent reper- 
fusion. A collateral flow >15% of nonischemic zone 


flow completely prevented VF and VT, even in the- 
presence of large ischemic regions (Fig. 5). The most ` 


0 20 40 60 80 100 
INCIDENCE (a) 


Fig. 3. Relation between adilaigeal flow during coronary occlusion (expressed as percent of nonischemic Co 
zone flow) and arrhythmias during subsequent reperfusion. Format, abbreviations, and symbols as in Fig. 
- 1. *p <0.001 vs dogs without the arrhythmia. — : 
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. important aspect of this correlation, however, was 


the presence of a sensitive coupling between collat- 
eral perfusion and rhythm disorders (Fig. 3). The 
dogs with the lowest collateral flows almost invari- ` 
ably exhibited VT and VF, but small increments in 
flow were sufficient to produce a marked reduction 
in the incidence of these malignant arrhythmias, 


regardless of the size of the ischemic region. These 


observations imply that even. subtle changes in 
collateral blood supply during ischemia may have a 
significant: impact upon the likelihood of sudden 
death during reperfusion. 

A negative correlation between the degree of flow 


- reduction and the incidence of reperfusion VF has 


been noted previously by Sheehan and Epstein” and 
by Hale et al.“ Our study expands these observa- 
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Fig. 4. Relation between rise in intramyocardial carbon dioxide tension in the ischemic zone (APmCO,) 
25 minutes after coronary artery occlusion and arrhythmias during subsequent reperfusion. Format, 
abbreviations, and symbols as in Fig. 1. *p <0.001 vs dogs without VT (the difference between dogs with 


and without VF was not significant [p = 0.08]). 


tions by assessing the influence of collateral flow on 
reperfusion VF independently of occluded bed size 
and by analyzing the distribution of reperfusion VF 
in graded collateral flow ranges. Furthermore, our 
investigation provides the first analysis of the influ- 
ence of collateral function on PVCs and VT induced 
by reflow. . f 

Occluded bed size and reperfusion arrhythmias. The 
positive correlation between the incidence of reper- 
fusion VF and the size of the occluded bed demon- 
strated in this study is consistent with prior obser- 
vations by Austin et al.” and by Sheehan and 
Epstein.” No previous investigation, however, has 
examined the influence of occluded bed size upon 
the incidence of PVCs or VT during reperfusion. We 
found the incidence of VT to be increased in the 
presence of very large ischemic zones (=40% of LV 
mass). Aside from this circumstance, however, the 
correlation between occluded bed size and PVCs and 
VT was quite weak (Fig. 2, Table II). Thus, this 
study demonstrates that in contrast to reperfusion 
VF, the incidence of organized ventricular ectopy 
(PVCs and VT) is not related to the amount of 
previously ischemic myocardium. 

Relative roles of collateral flow and occluded bed 
size in the genesis of reperfusion arrhythmias. No 
previous investigation has examined the relative 
roles of collateral flow and occluded bed size in the 


‘genesis of reperfusion arrhythmias. The results of 


the present study lead to the following conclusions: 
(1) The principal determinant of reperfusion VT is 
the adequacy of collateral perfusion. There was a 
clear inverse relationship between this variable and 
the incidence of VT (Fig. 2); in contrast, there was 
no consistent relationship between the size of the 
occluded bed and the occurrence of VT (Fig. 2). (2) 
Unlike the results obtained for VT, both the amount 
of ischemic myocardium and. the degree of flow 
reduction are important determinants of reperfu- 
sion VF. A large ischemic zone in itself was not 
sufficient to precipitate the arrhythmia; the occur- 
rence of VF required the association of a large 
occluded bed with a poor collateral perfusion 
(Fig. 5). 

Heart rate and reperfusion arrhythmias. Our data 
demonstrate that heart rate correlates positively 
with reperfusion VT and VF, although this variable 
appears to be relatively less important than collate- 
ral flow and occluded bed size. Several previous 
investigations® 4 have examined the relation of 
heart rate to VF. Although in these studies there was 
no statistically significant difference in heart rate 
between the dogs that sustained VF during coronary 
reperfusion and those that did not, a trend toward a 
higher heart rate in the former was observed in two 
of these investigations.*** The relation between 
heart rate and the incidence of VT upon reperfusion 
has not been previously examined. 
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Fig. 5. Relation of VT and VF induced by coronary. reperfusion to: (1) size of the previously occluded bed 
(OB). (expressed as percent of left ventricular [LV] mass} and (2) collateral blood flow [CBF] to the 
occluded bed (expressed as percent of nonischemic zone flow [NZF]). The data are subdivided by a 
vertical line corresponding to an occluded bed = 25% of LV mass (minimal occluded bed size at which VF 
was observed—see also Fig. 2) and by a horizontal line corresponding to a collateral flow = 15% of 
nonischemic zone flow (maximal flow at which VF was obsérved—see also Fig. 3). Note that in the 
presence of “large” occluded beds (=25% of the left ventricle), the incidence of both VT and VF varies as 
a function of collateral flow. *p <0.01 vs corresponding arrhythmia in the upper quadrant. 


Intramyocardial CO, tension and reperfusion arrhyth- 
-~ mias. Although the rise in intramural CO, tension in 
the ischemic region was not independent of collater- 
al flow (r= -0.57, p <0.01), its association with 
reperfusion arrhythmias is of conceptual interest. 
Intramyocardial CO, tension in the acutely ischemic 
myocardium correlates with ST segment elevation, 
histologic extent of damage, and reduction of region- 
al blood flow, and is therefore considered to be a 
sensitive index of the severity of ischemia.” 
Accordingly, our findings indicate that the severity 
of an ischemic insult is an important determinant of 
the rhythm disorders that occur upon subsequent 
reflow. This observation is consistent with the prior 


demonstration by Hale et al.” that low levels of. 


regional myocardial flow and creatine phosphate 
content during ischemia are associated with an 
increased risk of VF upon reperfusion. 

implications. The data presented in this study 
have several important implications. First, because 
reperfusion arrhythmias are importantly affected by 
heart rate, occluded bed size, and collateral flow; 


studies of antiarrhythmic therapy in experimental 
models of ischemia and reperfusion should prospec- 
tively quantify these variable in the various groups 
compared. Since there is a sensitive coupling 
between collateral flow and reperfusion arrhyth- 
mias, even small differences in flow during ischemia 
may importantly affect the outcome of the experi- 
ment. Thus far, the determinants of arrhythmias 
have not been specifically analyzed in most studies 
evaluating antiarrhythmic agents. It is possible that 


` the - discrepancies frequently noted among the 


results of different experiments were caused in part 
by unrecognized dissimilarities in the aforemen- 
tioned variables. 

Second, before concluding that a drug possesses 
inherent antiarrhythmic activity, it is important to 


. exclude the possibility that it acts by altering one of 


the determinants of arrhythmias. Conversely, an 
intrinsic antiarrhythmic action may be overridden 
by unfavorable effects on the factors that determine 
the occurrence of rhythm disorders. 

Third, the findings of this report may be impor- 
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tant for experiments in which a high yield of 
arrhythmias is desirable (e.g., to reduce the number 
of dogs necessary to demonstrate the presence or 
absence of antiarrhythmic activity). For example, 
our results suggest that the use of more proximal 
coronary occlusions to produce larger ischemic zones 
and rapid pacing to reduce collateral perfusion and 
exacerbate ischemia should result in a uniformly 
high incidence of VT and VF. Conversely, prospec- 
tive exclusion of animals exhibiting high collateral 
fiows or small ischemic zones will minimize variabil- 
ity and avoid unnecessary expenditure of time and 
financial resources, for these animals have a low 
probability of developing VT and/or VF. 

The importance of measuring occluded bed size 
when one compares the incidence of reperfusion VF 
in different experimental groups has been previous- 
ly emphasized. * Our study expands this concept 
by demonstrating that, in addition to occluded bed 
size, there are other important determinants of 
VF—such as collateral flow, severity of ischemia, 
and heart rate—that also need to be quantified. 
Furthermore, our data indicate that these variables 
need to be analyzed when assessing the incidence of 
VT upon reperfusion. 

Although caution must be used in extrapolating 
experimental data to humans, the results of the 
present study have potential clinical implications. 
Enhanced ventricular ectopic activity is observed in 
patients with acute myocardial infarction undergo- 
ing thrombolytic therapy. Moreover, VF induced by 
abrupt coronary reperfusion has been proposed as a 
cause of sudden cardiac death. Our data suggest 
that reperfusion arrhythmias are dependent upon 
the amount of myocardium supplied by the previ- 
ously occluded vessel, the competence of the collat- 
eral circulation, the severity of the ischemic insult, 
and the chronotropic activity of the heart. Modifica- 
tion of these variables might reduce the incidence 
and severity of clinically observed reperfusion 
arrhythmias. 


We are grateful to David J. Fisher, M.D., for assistance in 
counting radioactive samples, to Mark L. Entman, M.D., for 
helpful discussion, and to Bonnie Anderson for excellent secre- 
tarial assistance. 


REFERENCES 


1. Tennant R, Wiggers CJ. The effect of coronary occiusion on 
myocardial contraction. Am J Physiol 1935;112:351. 

2. Manning AS, Hearse DJ. Reperfusion-induced arrhythmias: 
mechanisms and prevention, J Mol Cell Cardiol 1984; 
16:497. 

3. Hillis LD, Braunwald E. Coronary artery spasm. N Engl J 
Med 1978;299:695. 

4. Forrester JS, Litvack F, Grundfest W, Hickey A. A perspec- 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 
20. 


21. 


22. 


23. 


24. 


25. 


Determinants of reperfusion arrhythmias 29 


tive of coronary disease seen through the arteries of living 
man. Circulation 1987;75:505. 


. Tzivoni D, Karen A, Granot H, Gottlieb S, Benhorin J, Stern 


S. Ventricular fibrillation caused by myocardial reperfusion 
in Prinzmetal’s angina. AM HEART J 1983;105:323. 


. Lown B, Wolf M. Approaches to sudden death from coronary 


artery disease. Circulation 1971;44:130. 


. Balke CW, Kaplinsky, E, Michelson EL, Naito M, Dreifus LS. 


Reperfusion ventricular tachyarrhythmias: correlation with 
antecedent coronary artery occlusion tachyarrhythmias and 
duration of myocardial ischemia. AM HEART J 1981;101:449. 


. Ganz W, Geft I, Shah PK, Lew AS, Rodriguez L, Wei T, 


Maddahi J, Berman DS, Charuzi Y, Swan HJC. Intravenous 
streptokinase in evolving acute myocardial infarction. Am J 
Cardiol 1984;53:1209. 


. Bolli R, Fisher DJ, Entman ML. Factors that determine the 


occurrence of arrhythmias during acute myocardial ischemia. 
Am Heart J 1986;111:261. 

Bolli R, Brandon TA, Fisher DJ, Fernandex GC, Miller RR. 
Beneficial effects of the alpha-adrenergic antagonist nicergo- 
line during acute myocardial ischemia and reperfusion in the 
dog. AM Heart J 1983;106:1014. 

Bolli R, Fisher DJ, Taylor AA, Young JB, Miller RR. Effect 
of alpha-adrenergic blockade on arrhythmias induced by 
acute myocardial ischemia and reperfusion in the dog. J Mol 
Cell Cardiol 1984;16:1101. 

Bolli R, Brandon TA, Luck JC, Miller RR, Entman ML. 
Deleterious effects of incomplete myocardial reperfusion on 
ventricular arrhythmias. J Am Coll Cardiol 1983;1:1111. 
Khuri SF, Flaherty JT, O’Riordan JB, Pitt B, Brawley RK, 
Donahoo JS, Gott VL. Changes in intramyocardial ST seg- 
ment voltage and gas tensions with regional myocardial 
ischemia in the dog. Circ Res 1975;37:455. 

Khuri SF, Kloner RA, Hillis LD, Tow DE, Barsamian EM, 
Maroko PR, Braunwald E. Intramyocardial pCO,: a reliable 
index of the severity of myocardial ischemia injury. Am J 
Physiol 1979;237:H253. 

Kaplinsky E, Ogawa S, Balke CW, Dreifus LS. Two periods of 
early ventricular arrhythmias in the canine acute myocardial 
infarction model. Circulation 1979;60:397. 

Endo T, Ribeiro LGT, Cheung WM, Faria DB, Petranto M, 
Maroko PR. Relationship between the extent of the hypoper- 
fused zone of the myocardium and the occurrence of ventric- 
ular fibrillation. AM Heart J 1983;105:915. . 

Heyman MA, Payne BD, Hoffman JIE, Rudolph AM. Blood 
fiow measurements with radionuclide-labelled particles. Prog 
Cardiovasc Dis 1977;20:55. 

Josephson ME, Seides SF. Clinical cardiac electrophysiology. 
Techniques and interpretation, Philadelphia: Lea & Febiger, 
1979:247. 

Armitage P. Statistical methods in medical research. Oxford: 
Blackwell Scientific Publications, 1971:403. 

Marcus ML. The coronary circulation in health and disease. 
New York: McGraw-Hill Book Co Inc, 1983:221. 

Vatner SF. Correlation between acute reductions in myocar- 
dial blood flow and function in conscious dogs. Cire Res 
1980;45:201. 

Sheehan FH, Epstein SE. Determinants of arrhythmic death 
due to coronary spasm: effect of preexisting coronary stenosis 
on the incidence of reperfusion arrhythmias. Circulation 
1982;65:259, 

Hale SL, Lange R, Alker K, Kloner RA. Correlates of 
reperfusion ventricular fibrillation in dogs. Am J Cardiol 
1984;53:1397. 

Austin M, Wenger TL, Harrell FE Jr, Luzzi FA, Strauss HC. 
Effect of myocardium at risk on outcome after coronary 
artery occlusion and release. Am J Physiol 1982;243:H340. 
Sheehan FH, Epstein SE. Determinants of arrhythmic death 
during coronary artery reperfusion: effect of perfusion bed 
size. AM Heart J 1983;105:911. 








Inadequate subendocardial oxygen delivery 
during perfluorocarbon perfusion in a canine 


model of ischemia 


Perfusion of the coronary artery distal to an occlusion was performed in 16 canine preparations 

to compare the mechanical perfusion of autologous blood.to the perfluorocarbon fluosol DA, 20% 
emulsion (FDA-20). Both substances were perfused under similar conditions (30, 60, and 80 

ml/min) and regional electrograms, contractility, and coronary perfusion were measured relative > 
to native coronary perfusion. Autologous blood (60 and 80 ml/min) produced a significant © 
increase in regional (epicardial, midmyocardial, and endocardial) and transmural flow, but not In 

the endocardial/epicardiai perfusion ratio. No other significant changes were observed during 
autologous blood perfusion. In contrast, FDA-20 perfusion resulted in significant ST depression 
(-1.8 + 0.2, -1.7 + 0.2, and -1.3 + 0.3 mm) at 30, 60, and 80 ml/min, respectively. FDA-20 

also induced a significant decrease in distal diastolic coronary pressure and resistance, a . 
significant decrease in the endocardial/epicardial perfusion ratio at all three perfusion rates, and. __ 
a significant reduction in delivery of O; to the subendocardium. These results indicate that ` 
autologous blood perfusion of the dista! coronary artery during occlusion preserves myocardial 
function to a better degree than does FDA-20. (Am Heart J 1989;115:30.) 
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Donald H. Schmidt, M.D. Milwaukee, Wise. 


Several recent studies have suggested that a better 
recanalization would result with percutaneous 
transluminal coronary angioplasty if prolonged bal- 
loon inflation times of up to 2 to 5 minutes were 
used.’ To allow for longer inflation times, it has 


been proposed that a perfluorocarbon blood substi- ` 


tute, such as fluosol DA 20% emulsion (FDA-20) 
(Fluosol DA 20% is a registered trademark of Alpha 
Therapeutic Corporation, Los Angeles, Calif.) be 
perfused through the central lumen of the angioplas- 


ty balloon into the distal myocardium. Such a 


procedure -would reduce or prevent the. ischemia 
that results during the: prolonged inflation time.®* 
One finding associated with FDA-20 perfusion has 
been the presence of significant ST segment changes 
during balloon inflation, which suggests that 
although the agent may be hyperoxic (Po, 600 mm 
Hg and above), the myocardium is still ischemic."? 
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Recent studies from our laboratory have shown that 
the perfusion of FDA-20 distal toa coronary occlu- ` 
sion resulted in ST segment depression and a signif- 
icant drop in diastolic coronary perfusion pressure, 
whereas autologous blood perfused at the same flow 


tate did not produce ST segment changes or a 
‘decrease in diastolic perfusion pressure. In an 


attempt to clarify the cause whereby the hyperoxi¢ 


- FDA-20 produces ECG: changes and a decrease in 
` perfusion pressure, we decided to compare FDA-20. 
‘with autologous blood at similar flow rates in a 


controlled coronary perfusion model and to study 
the effects of mechanical perfusion on regional 
myocardial flow during this procedure. 


METHODS. 


Preparation. Sixteen aaah mongrel a (20 to 30 kg) 
were fasted 24 hours before the experiment. They were 
premedicated with morphine sulfate (1 mg/kg subcutane- 


_ously) 30: minutes before they were anesthetized with 


sodium pentobarbital (30 mg/kg intravenously), intu- 


- bated, and placed on a Harvard respirator. Arterial blood 


gases were maintained at a partial pressure of oxygen 
(Po,) of at least 100 mm Hg and a pH of 7.40 + 0.05. 
Catheters were placed in the femoral artery for arterial 
blood samples and in the femoral vein for intravenous 
infusions. A Konigsberg (P8) transducer (Konigsberg. 
Instruments, Inc., Pasadena, Calif) was passed through 
the apex of the left ventricle to measure left ventricular 


“Ne 


Volume 115 
Number 1, Part 1 







VIA CAROTID ARTERY 






MICROSPHERE 
INJECTION 





MICROSPHERE || § 
REFERENCE | 


OCCLUSION 


MIXING 
HEMOSTATS CHAMBER 


a, A 
H 


LAD PRESS 


WINDKESSEL 
CHAMBER 


HEAT 
EXCHANGER 


Perfluorocarbon myocardial perfusion 31 


FLUOSOL 
mi 


FEMORAL 
ARTERY 


SONOMICROMETER 
CRYSTALS 


Fig. 1. Schematic diagram of the experimental preparation. A left carotid artery-to-LAD coronary artery 
shunt was established for measurement of control coronary blood flow. For the perfusion studies, the 
shunt was occluded with hemostats and either arterial blood withdrawn from the femoral artery or Fluosol 
DA withdrawn from the reservoir bag was pumped through the perfusion tubing into the distal LAD 
(stippled area) bed. Total coronary flow was measured with an electromagnetic flowmeter and regional 
perfusion was measured by the injection of radioactive microspheres in the perfusion tubing upstream 
from a magnet stirring bar mixing chamber and a microsphere reference withdrawal pump. Piezoelectric 
sonomicrometer crystals were embedded in the LAD and left circumflex (LC,) perfusion beds to measure 


segmental function. 


pressure, and the first derivative of left ventricular pres- 
sure (dp/dt) was obtained. Arterial pressure was measured 
from a catheter placed in the descending aorta. A left 
thoracotomy was performed in the fifth intercostal space 
and the heart was suspended in a pericardial cradle. The 
left common carotid artery was isolated and cannulated 
retrogradely with PE 320 tubing. 

After administration of heparin (500 U/kg), the left 
anterior descending (LAD) coronary artery was isolated 
above the first diagonal branch and ligated and an arterio- 
tomy was performed. A 12-gauge stainless steel cannula 
was inserted into the LAD. The LAD was perfused 
through the cannula from the left common carotid artery 
(Fig. 1). The resistance to flow through the cannula was 
0.07 torr/ml/min. Cannula resistance was determined by 
pumping blood through the tubing at 100 ml/min into a 
beaker and measuring the pressure proximal to and at the 
cannula tip. Coronary perfusion pressure was measured 
with a Statham P-50 strain-gauge transducer (Gould Inc. 
Cardiovascular Products, Oxnard, Calif.). Total coronary 
flow was recorded with a 4 mm internal diameter— 
cannulating electromagnetic flow probe (Zepeda Instru- 
ments, Seattle, Wash.). The flow probe was placed in 
series in the tubing connecting the left common carotid 
artery to the LAD coronary artery. The time from ligation 
of the LAD to establishment of cannula perfusion was less 
than 50 seconds. The presence of coronary reserve was 
determined with a 20-second period of occlusion followed 
by reperfusion. All dogs with <300% reactive hyperemia 
(three times control blood flow) were rejected as having 
either inadequate coronary reserve or stenosis in the 


cannula system. A pair of 2.5 mm sonomicrometer crystals 
was placed in the subendocardial area perfused by the 
LAD. The crystals were inserted in a circumferential 
plane through small stab wounds 8 to 10 mm deep into the 
inner third of the myocardium, perpendicular to the long 
axis of the left ventricle.” The motion of the sonomicrom- 
eter crystals was monitored with an ultrasonic imaging 
circuit (Sonomicrometer-120, Triton Technology, San 
Diego, Calif.). Percent segment shortening (%SS) was 
determined with the procedure of Theroux et al.,” where 
%SS = end-diastolic length minus end systolic length/ 
end-diastolic length X 100. In addition to a standard lead 
II in the ECG rhythm strip, an electrogram was obtained 
from the sonomicrometer crystals and was calibrated at 5 
mV/mm. 

Coronary flow measurements and oxygen delivery to 
subendocardium. Regional myocardial flow was mea- 
sured with radioactive microspheres (15 + 3 wm, New 
England Nuclear, Boston, Mass) labeled with Ce*!, Cr®, 
Ru'®, or Nb®. Microspheres were injected at the times 
described in the perfusion protocol. Intracoronary micro- 
spheres were injected upstream from a cylindric mixing 
chamber containing an 8 mm fluted stirring bar that was 
rapidly rotated inside. The intracoronary reference sam- 
ple was withdrawn at a rate of 7.3 ml/min at a site 
downstream from the mixing chamber. The reference 
sampling was initiated 15 seconds before microsphere 
injection and continued for 135 seconds after injection. On 
completion of the experiment, the dog was killed with a 
lethal dose of sodium pentothal. The perfusion area was 
stained with India ink, and the heart was removed and 
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Table I. Systemic hemodynamic data from the blood perfusion and fluosol DA 20% groups (mean + standard error) 








HR MAP LVSP dP/dt LVEDP PPd 

Blood 

Control 186 + 4 92 +3 109 + 3 2121 + 194 6+ 0.8 85 + 8 

Blood 80 137 +4 93 + 3 110 +3 2115 + 191 6+ 0.8 89245 

Blood 60 134 + 4 93 +3 110 +4 1863 + 83 7+ 0.5 181 + 8* 

Blood 80 18745 9624 113844 1874 + 74 72405 145 + i1* 
Fluosol 

Control 140 +3 102 +3 121+ 4 1794 + 80 7+ 0.8 9144 

Fluosol 30 189 + 3 105 + 3 122+3 2034 + 103 7+ 0.9 26 + 24* 

Fluosol 60 140 +3 104+ 3 126 +3 2158 + 103 9+ 06 46 + 4t* 

Fluosol 80 141+ 4 109 + 3* 130 + 4* 2086 + 152 10 + 1* 53 + 5t* 





n = 8 animals/group. 





Data were analyzed using an analysis of variance followed by the Newman-Keuls test. 
HR = heart rate (bpm); MAP = mean arterial pressure (mm Hg); LVSP = left ventricular systolic pressure (mm Hg); dP/dt = rate of rise of left ventricular 
pressure (mm Hg/sec); LVEDP = left ventricular end-diastolic pressure (mm Hg); PPd = diastolic coronary perfusion pressure (mm Hg). 


*p < 0.05 significant difference from control. 
tp < 0.05 significant difference from blood at similar perfusion rate. 


Table Il. Regional flow data during either autologous blood or fluosol DA 20% perfusion 














Blood control Blood 30 Blood 60 Blood 80 
Epicardium 1.23 + 0.19 1.08 + 0.14 1.92 + 0.22* 2.14 + 0.14* 
Midmyocardium 1.25 + 0.21 1.24 + 0.12 2.34 + 0.28* 2.77 + 0.25* 
Endocardium 1.27 + 0.19 1.15 + 0.11 2.35 + 0.33* 2.84 + 0.32* 
Transmural 1.25 + 0.19 1.15 + 0.12 2.20 + 0.27* 2.58 + 0.23* 
+ O, delivery 0.21 + 0.04 0.20 + 0.02 0.40 + 0.07* 0.48 + 0.05* 

Fluosol control Fluosol 30 Fluosol 60 Fluosol 80 
Epicardium 1.09 + 0.25 1.08 + 0.08 1.84 + 0.25* 2.31 + 0.12* 
Midmyocardium 1.25 + 0.28 0.86 + 0.14 1.61 + 0.31 2.08 + 0.25* 
Endocardium 1.29 + 0.22 0.72 + 0.20 1.54 + 0.41 1.65 + 0.23f 
Transmural 1.21 + 0.25 0.88 + 0.14 1.67 + 0.31 2.02 + 0.19* 
+ O; Delivery 0.22 + 0.04 0.05 + 0.01*} 0.11 + 0.03*f 0.12 + 0.02*+ 





n = 8 animals/group. 
Values are means + standard error (ml/min/gm). 





+ O, delivery in ml/min to endocardium; see Methods section for the equation to calculate this value. 


*p < 0.05 significant difference from control. 


tp < 0.05 significant difference from blood group at similar perfusion rate. 


placed in a phosphate-buffered 10% formalin solution for 
at least 48 hours. The left ventricle was then sliced into 
rings 1 to 2 cm thick, and the perfusion bed was isolated 
and further subdivided into epicardial, midmyocardial, 
and endocardial sections weighing approximately 1 gm 
each. Flow to the circumflex bed was used as a baseline 
measurement. All tissues were weighed and counted in a 
automated Nal well y-counter with a Canberra 35 multi- 
channel analyzer (Canberra Industries Inc., Meriden, 
Conn.) with the windows set to maximize each isotope 
peak and minimize overlap. Tissue flows were calculated 
by the method of Heymann et al. 

The estimated O, delivery to the subendocardium was 
calculated by the following equation: O, delivery = micro- 
sphere subendocardial flow x O, content of perfusion 
agent. The O, content for blood at a Po, of 113 torr was 17 
ml O,/dl blood; FDA-20 exposed to 95% 0,/5% CO, at a 


Po, of 600 torr had an O, content of 7 ml O,/dl FDA-20. 
Coronary resistance (R) was calculated by the following 
equation: R = P/Q where P = pressure at inlet tip of 
cannula (torr) and Q = flow (ml/min). 

Perfusion agents. All control measurements were taken 
with the carotid to LAD perfusion shunt open. Measure- 


_ ments with the perfusion bypass circuit were made with 


the carotid-LAD shunt occluded (Fig. 1). Autologous 
blood (pH 7.38 + 0.01, Po, 113 + 4, Pco, 34 + 1, 38° C) 
was taken from a catheter placed in the femoral artery and 
pumped through the perfusion circuit. FDA-20 (pH 
7.88 + 0.08, Po, 608 + 25, Pco, 39 + 1, 37° C) was oxy- 
genated by bubbling 95% O,/5% CO, into the solution bag 
at a rate of 1 L/min for at least 30 minutes. The FDA-20 
was prepared 1 hour before its use in the experiment and 
was periodically checked for pH and Po, values. The 
composition of the FDA-20 was (mEq/L): Na 128, K 4.6, 
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Fig. 2. The effects of either blood or Fluosol DA perfusion at 30, 60, or 80 ml/min on subendocardial- 
to-subepicardial perfusion ratio are shown compared to control (native) perfusion. All values are 


mean + standard error of eight experiments. 


Ca 10.0, HCO, 25.0, and glucose 180. Osmolality was 449 
mosm/L. | — 

Experimental perfusion protocol. Blood and FDA-20 
were perfused at a constant rate (30, 60, or 80 ml/min) and 
perfusion pressure was monitored. Only one agent was 
used in each animal. Once the dog was set up, the 
preparation was allowed to stabilize for 30 minutes before 
the study was performed. The control blood flow determi- 
nation was performed by injection of the first microsphere 
(4 to 5 X 10°) into the left atrium, and the reference 
sample was withdrawn (14.8 ml/min) from a catheter 
placed in the abdominal aorta. During perfusion with 
either FDA-20 or autologous blood, the carotid-LAD 
shunt,was occluded, and the distal LAD bed was perfused 
via the alternate perfusion circuit. Therefore the last three 
microsphere injections were made directly intracoronary 
during the perfusion at the flows of 30, 60, or 80 ml/min. 
Both agents were administered via a Harvard peristaltic 
pump (Model 1210 Harvard Apparatus Co:, Inc., Natick, 
Mass.) through a stainless steel coiled heat exchanger (37° 
C) into a Windkessel chamber (Fig. 1). Intracoronary 
microsphere injections (22 X 10° spheres) were performed 
approximately 30 seconds into the perfusion, when the 
preparation was stable. To reduce the. possibility of vol- 
ume overload, the total duration of perfusion of each agent 
at each rate did not exceed 150 seconds. 

Data analysis. Statistical analysis of results was made 
by an analysis of variance and the Newman-Keuls test. 
Results are expressed as mean + standard error. Differ- 
ences between endocardial/epicardial flow ratio and 
hemodynamic data were considered significant when the p 
value was <0.05. 


RESULTS 


Hemodynamic parameters. The effect of perfusion 
of the two substances (autologous blood or FDA-20) 


on systemic hemodynamic parameters is shown in 
Table I. Blood did not produce any significant 
systemic hemodynamic changes during the perfu- 
sion period at any flow rate used, whereas, perfusion 
of FDA-20 at 80 ml/min produced a small increase in 
mean arterial blood pressure. Blood perfusion at 60 
and 80 ml/min produced a small but significant 
increase relative to its control and to FDA-20 in 
coronary diastolic perfusion pressure. In contrast, 
perfusion with FDA-20 at 30, 60, and 80 ml/min 
résulted in a significant decrease in coronary diastol- 
ic perfusion pressure relative to control and blood at 
similar perfusion rates. 

Regional myocardial flow and O, delivery. Reginual 
myocardial flow during control and perfusion with 
either blood or FDA-20 at 30, 60, or 80 ml/min is 


. shown in Table II. Both blood and FDA-20 signifi- 


cantly increased epicardial flow at 60 and 80 ml/min. 
Perfusion to the midmyocardium and subendocar- 
dium was also significantly increased during blood 
perfusion at 60 and 80 ml/min, whereas midmyocar- 
dial flow was significantly increased during FDA-20 
perfusion at 80 ml/min. There was no significant , 
change in the subendocardial to subepicardial 
(endo/epi) blood flow ratio with blood at 30, 60, or 
80 ml/min relative to control values. In contrast, a 
significant decrease in the endo/epi ratio was 
observed at 30, 60, and 80 ml/min with FDA-20 (Fig. 
2). The endo/epi ratio observed for FDA-20 was 
significantly reduced compared with the endo/epi 
ratio with autologous blood at all three comparable 
perfusion rates. In addition, Table II shows the 
estimated O, delivery to the subendocardium during 
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Fig. 3. The effects of either blood or Fluosol DA perfusion at 30, 60, or 80 ml/min on coronary resistance - 


relative to control (native) perfusion are shown. All values are mean + standard error of eight 


experiments. 


blood and FDA-20 perfusion. Blood perfusion at 60 
and 80 ml/min significantly increased the amount of 
O, available to the subendocardium. This was not 
observed with FDA-20 at any of the three perfusion 
rates, since by our calculations the amount of O, 
delivery was significantly less than that supplied 
during the control perfusion period and comparable 
perfusion rates with blood. 


Coronary resistance. The effect of blood and FDA- 


20 perfusion on coronary resistance is shown in Fig: 
3. The control coronary resistance for the blood 
perfusion group was 3.6 + 0.3 resistance units. Per- 
fusion with blood at 30 ml/min did not result in a 
significant change in coronary resistance (2.9 + 0.2) 
when compared with control; however, perfusion of 
blood at 60 and 80 ml/min produced a significant 
decrease in coronary resistance to 1.9 + 0.2 and 
1.7 + 0.1 resistance units, respectively. The control 
coronary resistance for the FDA-20 perfusion group 
was 4.2 + 0.8 resistance units. Perfusion with FDA- 
20 at 30, 60, and 80 ml/min resulted in a significant 
decrease in coronary resistance at each perfusion 
rate (1.1 + 0.1, 0.7 + 0.1, and 0.6 + 0.1, respective- 
ly). The changes observed in coronary resistance 
during FDA-20 perfusion were significantly differ- 
ent, not only from the control FDA-20 perfusion 
value but also less than the resistances observed 
during blood perfusion at comparable perfusion 
rates. ob 

ECGs. No significant ECG changes occurred dur- 
ing autologous blood perfusion at any of the perfu- 
sion rates studied. FDA-20 induced significant ST 
segment depression in the subendocardial electro- 


gram of —1.8 + 0.2, —1.7 + 0.2, and —1.3 + 0.8 mm 
at 30, 60, and 80 ml/min perfusion rates, respective- 
ly. The electrogram changes began at the onset of 
the 30 ml/min FDA-20 perfusion and persisted for 
up to 82 +9 seconds after reperfusion. Similar 
effects were observed at 60 and 80 ml/min but were 
back to baseline at 60 + 10 seconds of reperfusion. 
Regional segment shortening. No significant differ- 
ences were observed in percentage of segment short- 
ening in the blood perfusion group at either 30, 60, 
or 80 ml/min (Fig. 4). Perfusion with FDA-20 
resulted in a decrease (p < 0.10) in regional segment 
shortening from 100% + 7% in the control group to 
73% + 15% in the 30 ml/min group; however, per- 
fusion with FDA-20 at 80 ml/min resulted in a 
significant increase in regional segment shortening 
from 100% + 7% during control to 157% + 17%. 


_ The increase observed at 80 ml/min during FDA-20 


perfusion was also significantly greater than the 
percentage increase in regional contractility 
observed with blood at the same perfusion rate. 
DISCUSSION i 

Perfluorocarbon solutions possess many favorable 
characteristics as substitutes for blood in situations 
of reduced blood flow or ischemia, such as the ability 
to carry high concentrations of oxygen in solution to 
a tissue. Additional characteristics are the small 
molecular size (<1 um) and low viscosity (approxi- 
mately one half that of blood) with the potential to 
cross over a stenosis while a more viscous solution 
such as blood may have difficulty. Because of these ` 
potential advantages compared with blood, several 
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Fig. 4. The effects of either blood or Fluosol DA perfusion at 30; 60; or 80 ml/min o on the Derant iige - 
in percent segment shortening are shown relative to pone (native) seemental function. ‘All values a are 


_ mean + standard error of eight Srpernnapti, 


irivestigators have proposed the u use of the perfluoto: 
carbon agent, FDA-20, as an agent to be used in a 
percutaneous transluminal coronary angioplasty. 
procedure for perfusion distal to the balloon occlu- 
` gion. This would potentially allow for longer balloon 


inflation times' without inducing myocardial ische- . 
mia.** One problem observed during the use of © 


FDA-20 has been the occurrence of ST segment 
changes during the perfusion period.” The cause or 


reason for the ST segment changes has not been. - 
clearly established. The present results are the first 
concerning the effects of FDA-20 on regional myo-_ 


cardial perfusion during FDA-20 infusion distal to a 
complete occlusion. Our investigations show that 
FDA-20 perfusion induces significant ST segment 
depression and a significant decrease in coronary 
vascular resistance and diastolic perfusion pressure 
distal to a.coronary occlusion. These hemodynamic 


changes produce a relative decrease in subendocat- . 


dial blood flow, which coupled with the amount of O, 
delivery to the subendocardium, may account for 


the ST segment depression that is observed with - 


FDA-20. 

. Although subendocardial perfusion was increased 
- relative to control in the FDA-20 group, the i increase 
was not equal to that observed in the subepicardial 
layer, and the -endo/epi ratio was significantly 
decreased at the three perfusion rates studied. 
These effects were not observed during perfusion 


with autologous blood. In'fact, during perfusion with 


` blood, the endo/epi ratio was similar to the endo/epi 


ratio observed during native coronary perfusion. 
The perfusion rates of 60 and 80 ‘ml/min were used 
to determine if higher flow rates of FDA-20 would 
provide increased O} to the myocardium and: pre- 
vent the apparent ischemia. If we were to assume 


` that maximum transfer of O; to the subendocardium 
` during the 30- ml/min FDA-20 perfusion had 


occurred, based on the estimated O; delivery that we 
calculated we were ‘significantly underperfusing. the 
tissue compared with control. Increasing the FDA- 
20 perfusion to 60 and 80 ml/min FDA-20 still 
significantly underperfused’ the subendocardium, 
whereas perfusion of FDA-20 at 80 ml/min very 
closely approximated the O, delivery to the subepi- 
cardial area relative to control - (0. 16 +-0.01 vs 
0.19 + 0.04, respectively). In human studies per- 
formed with FDA-20 during PTCA the investigators 
perfused at 60 ml/min, which is similar to native 
coronary flow in humans.*4 Perhaps a moré desir- 
able procedure would be to perfuse at a- constant 
pressure; however, in our studies, to perfuse FDA-20 
at a comparable native perfusion | pressure (91 + 4 . 
mm Hg), a flow rate of 140 to 150 ml/min is 
necessary (unpublished observations). In our animal 
experiments performed with a healthy nondiseased 
myocardium; the heart responded with a positive 


- inotropic response because of the abrupt volume’ 
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increase.. The iinanawened question is, To sod: ac 
patient with a reducèd stroke volume and ventřicu- 


lar reserve respond to a sudden vascular volume 


increase of 300 to 400 ml? Such a.volume i increase. 
could increase left ventricular wall stress and myo- a 
cardial. oxygen. demand, thus exacerbating ‘an 


already compromised situation. ' 


The reason for. the FDA- 20-induced decrenos in. 
, distal coronary perfusion pressure is-not known; a 
however, it may be due to several possibilities. (1) ` were ‘observed at- 80. ml/min with FDA-20. The 
Because of the difference in viscosity ‘of FDA-20 and ` 
. blood, the lower viscosity of FDA-20,.would allow: it 
> to stream through the vascular bed without- fully > 
_ engorging or distending the coronary vessels.” Poi- K 
_ seuille’s law would best describe ‘this. effect, since ` 
flow is inversely proportional to fluid viscosity and ee 
. lower viscosity solutions would flow. through | the Ae 
‘vessels with less shear. (2) A diréct vasodilatory. Á 


effect of FDA-20 on the arteriolar résistance vessels: 


would be reflected by a significantly: lower perfusion’. 


pressure and coronary resistance. Frequently, dur- 


. _ ing the initial administration of FDA: 20, a ‘profound 
transient hypotensive . effect was’ observed. This : 
response lasted approximately 5 to 10 minutes, and: . 


subsequent dosing did not reinduce it. To prevent 
the occurrence of this phenomenon,. we. pretreated 


occur and tachyphylaxis to develop: ‘During intra- 


coronary perfusion of FDA-20, systemic hypotensive l 
effects were not observed; thus we suggest that ‘the i 
decrease in coronary resistance response may be- a `: 
- local phenomenon that’ ‘occurred during the perfu-.- 
sion. (3) A third possibility to hélp explain the large - 
. reduction in coronary resistance could be that EDA- 
_ 20, although hyperoxic, is not. releasing sufficient O; f 
- into the tissue. Studies by Kloner et.al. and Rude et. 
a].20.11 suggested that this is not the case, since. they” o 


measured increased intramyocardial Po, during còn- 
ditions of ischemia in the presence of FDA-20 with a 


mass spectrometer probe placed in the myocardium. ac. 
` Regardless of the depth of placement of: their sens: `. 
ing probe, they observed an’ increased myocardial © 
Po, during hyperoxic FDA-20 infusions. A final and. - 


more plausible explanation for-thẹ fall in coronary 


perfusion pressure and apparent ischemia induced .. 
by FDA-20 is the fact that FDA-20 at a Po, of 600- - 
torr contains 7 ml O,/dl solution compared with 17. ` 
_ ml O,/dl of blood. Thus the FDA-20 may be releas-. ; 
. ing all of the O, into the myocardium, but this. 


amount is insufficient to support the metabolic 


demands of the myocardium and results in-a _ 


decreased coronary resistance. 


Autologous blood perfusion at the higher rates. 
resulted in a significant increase in distal perfusion - 
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pressure. The reason fort this i is not know however, © 


this’: may have’ occurred because of the increased _ 
volume of: blood in. the: ‘yascular bed without’ an. 


, equivalent drop: in coronary: resistance. Although: 


coronary resistance was decreased, the decrease was 


“not sufficient to offset the relative i increase in gid 
- sion volume. : 


- The only significant changes. Toe in ‘the 
mechanical: contractility’ of the LAD perfusion. bed - 


. changés resulted. ina significant increase in the. . 
percent of segment shortening, and we attribute this. 


effect to the rapid infusion of volume. into. the- 


8 vascular ` space,- Significant increases were also’ | 
reflected. in miean ‘arterial. blood pressure at’the 


highest perfusion rate with FDA-20. These findings 


are-in- agreement with those observed by Schaer et. i 


al. and. ‘Cleman et al.;* in which they showed there: i 


` was n no significant decrement in left ventricular 


function i in the presence of significant, ST en 5 


~ elevation, during FDA-20 perfusion. 


, Clinical implications. Although. these audies were 


performed in dogs without the placement. of ‘the - 

‘angioplasty - catheter into a coronary vessel, our 
“model does simulate the actual blood -flow pattern. 
oe created by balloon inflation during: PTCA. There is 
the animals with FDA-20 to allow this response. to ; 


abrupt transient. complete cessation..of coronary 
blood.. flow -followed by. reperfusion. ‘Furthermore, 


: perfusion beyond. the occlusion with blood or FDA- 


20 is analogous to perfusion. through the central 
lumen of, a PTCA catheter during balloon infla- 


_. tion. 13,14 We perfused. at a constant perfusion rate, 
“since this is the protocol suggested during a PTCA - 
. procedure. With the use‘of this model, we were-able 


to accurately measure regional myocardial. flow: and 


_ segment -function.. The fact that our. microsphere ` 
blood. flow results are similar during: native perfu- 
sion-and during: ‘mechanical ‘blood perfusion at a 
': similar perfusion rate supports our ‘contention that 


autologous blood .is’ a ‘more desirable perfusate. 
During the PTCA procedure it is difficult to monitor 
perfusion. pressure simultaneously with flow, since 
the balloon catheter ‘has hus one lumen for adminis- 7 


tering FDA-20.. 


‘The. ‘possibility of. hemolysis has been one argu- 


. ment. against using autologous blood perfusion’: 
however, : in. our model we did not observe. any 
- hemolysis. In addition, Angelini et al.” have recently 


reported on the use. of-a patient’s own blood for 
perfusion” during a PTCA, without a significant 
problem with hemolysis. It should be noted that 
Angelini et al. performed their blood perfusion ` 


_ studies without the guidewire present in the central 
-lumen of- the PTCA catheter. It is possible, as 
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discussed by Meier et al.," that hemolysis could 
occur if the perfusion is attempted with the guide- 
wire in place, especially when one uses small PTCA 
catheters and the high perfusion pressures necessary 
to perfuse at high volumes. 

Conclusions. Our studies have shown that perfu- 
sion with FDA-20 results in a significant decrease in 
distal coronary resistance, a relative subendocardial 
steal, and insufficient O, delivery to the subendocar- 
dium. Based on our results, perfusion with autolo- 
gous blood is superior to FDA-20 in reducing the 
ischemia during a prolonged balloon inflation, but 
perfusion with the FDA-20 would be better than 
total ischemia. 
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Plasma catecholamine levels in acute | 
myocardial infarction: Influence of 
beta-adrenergic blockade and relation to central. = 


l nomodynamics 


in a prospective study, 20 patients with acute myocardial Infarction were randomly ainsa in a SBS 
double-blind fashion to treatment with Intravenous metoprolol followed by oral metoprolol or 
placebo. All patients underwent hemodynamic monitoring for 24 hours. Plasma adrenaline and. 
noradrenalin levels were estimated at baseline (mean 6.0 + 0.9 hours from onset of symptoms) 

‘and at 1 and 24 hours after the start of therapy. Plasma adrenaline and noradrenalin levels wore 
elevated in all but one patient; with a further Increase at 1 hour after administration of : 

. metoprolol (p < 0.05). At baseline pulmonary capillary wedge pressure was directly related to - 


_ both plasma adrenaline {r = 


; —0.44; p < 0: 05) and noradrenalin levels (r = —0. 44; p < 0.05). There- are 
` was also an inverse relationship between stroke volume index and the plasma noradrenalin level - B 


(r = —0.44; p < 0.05) but not the plasma adrenaline level. These- relationships were lost after the — 

` baseline measurements. However, between baseline and 1 hour there was a close relationship 
between the change in systemic vascular resistance and the changes in both adrenaline 

(r = —0.48; p < 0.05) and: noradrenalin levels (r = —0.66; p < 0.01). Thus,. in the.early stages of 
myocardial infarction high plasma catecholamine levels are associated with the hemodynamic . . 
markers of severe left ventricular damage. Beta-adrenergic blockade with metoprolol produced a ; 
further increase in catecholamine levels that was associated with an increase in seeme a 


vascular resistance. (Am. Heart: J 1988; 115: aby 


Doiii P. Meee: M. D., M. R. C. P., Robert D. S. Watan M. D., MRCP. 
Alex V: Zezulka, M.R.C.P., R. Gordon Murray, F.R.CP., ‘and - 
William is pinen M. D., F. R.C.P ns: England 


_: Qne would expect that all of the metabolic derangé- 
` ments of acute stress, including a marked increase in. 
catecholamine release,! would accompany the ‘pro- . 
found physical and psychological. stress of actite , 
` myocardial . infarction. -As' early as 1943, Raab? ` 
` reported an increase in adrenaline and noradrenalin. 
`- levels in patients with exercise-induced angina pec-- 
toris. Subsequent studies reported high urinary and. 


plasma catecholamine levels in patients with acute 


myocardial infarction:** Serial determinations. of 
plasma. catecholamine levels suggested” that ‘the 
highest levels were found in patients with the most. - 
severe left ventricular damage“’ and were associated: 
_ with an increased incidence of ventricular arrhyth- 


mias in acute be myocardial infarction: 73 
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Sias view of the E effects of high catechol- 
amine levels on ‘cardiac function and thythm, it was 


- postulated that’ beta-adrenergic blockade might _ 
have a- beneficial effeċt in the. -setting of acute- 


myocardial infarction. However, the effects of beta- l 
adrenergic blockade on plasma catecholarnine levels 
are controversial,‘ whereas the relationship of - 


` such changes to central hemodynamics has not been - 


explored. The Metoprolol In. Acute Myocardial ` 


- Infarction (MIAMI) trial afforded. the opportunity 


to'study changes in circulating catecholamine levels 


_in acute myocardial infarction and the miuenco ‘of i 


beta-adrenergic blockade on these changes.!5 ` : 
- The aims of this study were: (1) to investigate the 
effects of intravenous followed by oral administra- 


. tion of the selective beta-l—adrenergic blocker, . - 
metoprolol, on catecholamine levels in -the early 
stages of acute myocardial. infarction; and (2) to 


study the relationship between: plasma catechol- 


‘amine levels and central hemodynamics in. acute 


myocar infarction. - 


t 
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METHODS 


Patients. Twenty consecutive patients who fulfilled the 

criteria for inclusion in the MIAMI trial were studied.” 
Inclusion criteria included onset of symptoms of acute 
myocardial infarction less than 24 hours before admission 
in patients less than 75 years old. Exclusion criteria were: 
current therapy with a beta blocker or calcium antagonist, 
cardiac failure, hypotension (systolic blood pressure < 105 
mm Hg), and bradycardia (<65 bpm). Nineteen patients 
were male and one was female. The mean delay from onset 
of symptoms to initiation of therapy was 6.0 + 0.9 
hours. . . 
The clinical diagnosis of myocardial infarction was 
confirmed by the evolution of an infarct pattern on the 
ECG and an increase in the cardiac enzyme levels of all 20 
patients. The site of infarction was inferior in 12, anterior 
in six, and posterolateral in two. During the study patients 
were given analgesics, diuretics, and other drugs as indi- 
cated. However, use of beta blockers and calcium channel 
blockers was avoided. Informed consent was obtained 
from all patients. 

Study protocol. A No. 7 French catheter was placed in 
the pulmonary artery of all 20 patients. Patients were then 
randomly assigned in a double-blind fashion to treatment 
with metoprolol, 15 mg administered intravenously in 
divided doses, followed by 50 mg orally every 6 hours-or 
placebo. Hemodynamic measurements were made and 
blood was drawn from the pulmonary artery line of the 
thermodilution catheter for determination of plasma cate- 
cholamine levels at baseline and at 1 hour and 24 hours 
after randomization. 

Catecholamine measurement. Blood specimens for 
measurement of catecholamine levels were drawn into 
cooled syringes and transferred to heparinized tubes in ice 
water (the tubes also contained 5 nmol/L glutathione as 
antioxidant for specimen analysis by the catechol-o- 
methyl transferase [COMT] method). Samples were cen- 
trifuged at 4° C for 7 minutes, and the plasma transferred 
to cooled tubes and stored at —20° C within 30 minutes of 
sampling. Considerable care and attention was given to 
the sampling of specimens because of the recognized 
_ lability of catecholamines in blood. Samples were not 
drawn within 20 minutes of venous or arterial cannulation 
to reduce the effects of anxiety on plasma levels. An 
interval of 30 minutes between sampling and storage at 
—20° C was a maximum. 

Plasma levels of adrenaline and noradrenalin were 
measured in two laboratories by means of two different 
methods. Assays were performed in our own laboratory by 
means of a modification of the method of Peuler and 
Johnson" with a partially purified extract of rat liver 
COMT. Plasma levels of adrenaline and noradrenalin 
were also measured in the laboratories of Hassle, Gote- 
borg, Sweden, by means of liquid chromatography and 
electrochemical detection.” Both methods are radioenzy- 
matic, with a high degree of specificity and sensitivity. 
The results from the two assays were compared to assess 
reproducibility. In our laboratory the upper limit of 
normal for adrenaline is 63 pg/ml and for noradrenalin is 


4 
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Table |. Baseline clinical and hemodynamic characteris- 
tics of metoprolol- and placebo-treated patients 





Baseline 
clinical and 
hemodynamic Metoprolol - Placebo 
data (n= 10) (n= 10) 
Infarct site 
Anterior 4 5 
Inferior ; 6 P & 
Hemodynamics 
HR (bpm) 82245 80 + 4 
SBP (mm Hg) 134 + 8 138 + 9 
PCWP (mm Hg) 14.5 + 2.6 14.5 + 2.7 
CI (L/min/m?) 3.4 + 0.4 3.3 + 0.5 
SVI (ml/m?) 42.1 + 7.4 41.2 + 7.2 
SVR (dynes/sec/em~*) 1216 + 178 1336 + 221 





HR = Heart rate; SBP = systolic blood pressure; PCWP = pulmonary 
capillary wedge pressure; CI = cardiac index; SVI = stroke volume index; 
SVR = systemic vascular resistance. 


400 pg/ml. The coefficient of variation is consistently less 
than 10%. 

Statistics. Differences between means were assessed by 
means of paired and unpaired Student’s ¢ tests as appro- 
priate. Differences in mean plasma catecholamine levels 
between the metoprolol and placebo groups were assessed 
at each’ stage. Also, changes in plasma catecholamine 
levels between baseline and 1 hour and 24 hours in the 
metoprolol group were compared in the two treatment 
groups. Correlation coefficients were performed by means 
of linear regression analysis. p Values < 0.05 were consid- 
ered significant. Results are expressed as mean + stan- 
dard deviation. 


RESULTS _ 


Ten of our study patients were randomly assigned 


- to treatment with metoprolol and 10 to placebo. The 


patient groups were matched with regard to infarct 
site and baseline hemodynamics (Table I). At base- 
line all but one of our study patients had elevated 
concentrations of either adrenaline or noradrenalin. 
The mean adrenaline level at baseline was 203 pg/ml 
(range 57 to 491) and the mean noradrenalin level 


- was 640 pg/ml (range 220 to 1412). A strong correla- 


tion was observed between results of assays of both 
adrenaline and noradrenalin by the two différent 
techniques: r=0.82 and 0.84, respectively 
(p < 0.01). For comparison with the hemodynamic 
data the results from our own laboratory were 
used. 

Relationship to central hemodynamics. At baseline, 
pulmonary capillary wedge pressure was directly 
related to both plasma adrenaline (r = 0.44, 
p<0.05; Fig. 1) and noradrenalin (r= 0.44, 
p < 0.05; Fig. 1) levels. An inverse relationship was 


ci 40 Murray etale 5 0 5 a ae 


vy = 860, 7 
2 = O48 | 
p< 0,05 
an o $e c00 5200 3007 40: +500 
oT EL o Phasing ADR tog) 


_ line i md noradrenslin ae: levels. - 


y- aaas, 
i re ee 
ced DeeS, i 


2d9 





ADN lovelg., 


Table Il. Hemodynamic changes from baseline to 1 hour 





Ty ‘ - Metoprolol Placebo. te 7 

Hemodynamics. ` (n=10) . (n=10) `p Value’. 
HR (bpm) <~ “45 +2 _ -1+3- i 
MAP (mm Hg) “1442 © -442. 105 
PCWP (mm:Hg) _ #22410 ° -34411 - <0.05" 
CI (L/min/m’) 0.9404 -0140.1-° <0.05_ 
SVI Gnl/m?) ` -6.8 +12 -10205 ` <0.01 
SVR (dynes/sec/em) +378 +94 +88 +76, <0.05 





3 HR = heart, rate; MAP = mean arterial blood pressure; PCWP = pulmo- 
"... nary capillary wedge pressure; CI = cardiac idor, S SVI = stroke outa 
"index; SVR = = " systemic vascular n resistance. ` : r 
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plasma noradrenalin level (r = —0.44; p < 0.05) but, ’ E 


‘not between stroke volume index and the plasma _ 


adrenaline level (r= = +(0.30; Fig. 2): These relation-. pe 2 


k ships were lost after the’ baseline measurements. . 
The-correlations were similar when results from: the 
_ second laboratory were used. 


During the first hour’ of double-t blind treatmeiit, 


. metoprolol. produced ‘a reduction in heart ‘rate 

' (p < 0.01), cardiac index (p < 0.01), and stroke vol- 
ume index (p < 0.01) and an increase in pulmonary ` 
capillary wedgé pressure. (p.< 0.05) and systemic. 
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Fig. 3. Relationship between change in systemic vascular resistance (SVR) from 0 to 1 hour and changes 
in adrenaline (ADR) and noradrenalin (NADR) levels. 


vascular resistance (p < 0.05; Table II). Subsequent- 
ly, there was an attenuation of this effect, so that at 
24 hours the only significant hemodynamic differ- 
ence between the groups was a greater reduction in 
heart rate among metoprolol-treated compared to 
placebo-treated patients. Between baseline and 1 
hour there was a close relationship between the 
change in systemic vascular resistance and the 
changes in both noradrenalin (r = 0.66; p < 0.01} 
and adrenaline (r = 0.48; p < 0.05) levels (Fig. 3). No 
correlation was observed between the changes in 
catecholamine levels and changes in the other hemo- 
dynamic parameters. 

Effects of beta blockade. In the placebo-treated 
group the mean adrenaline level decreased gradually 
from 246 + 164 pg/ml to-196 + 124 pg/ml at 1 hour 

and 130 + 96 pg/ml at 24 hours, whereas noradrén- 
alin remained élevated- throughout the 24 hours 
(Fig. 4). In the metoprolol-treated group adrenaline 
levels increased from 160 + 136 pg/ml at baseline to 
193 + 201 pg/ml at 1 hour and 212 + 387 pg/ml at 
24 hours. Noradrenalin levels also increased in the 
metoprolol-treated group from 586 + 245 pg/ml at 
baseline to 757 + 333 pg/ml at 1 hour and 767 + 739 
pg/ml at 24 hours. Thus, at both 1 and 24 hours after 
initiation of treatment, both plasma adrenaline and 
noradrenalin levels increased in the metoprolol- 
treated compared to the placebo-treated patients. 
These increases were statistically significant 
(p < 0.05). ` 


DISCUSSION 


Previous investigators have demonstrated a rela- 
tionship between plasma catecholamine levels and 


indices of left ventricular damage in acute myocardi- 
al infarction. Videbaek et al.6 demonstrated a rela- 


tionship between plasma catecholamine concentra- 


tions and clinical status, whereas Nadeau and de 
Champlain” noted a correlation between peak cate- 
cholamine levels and peak enzyme release in 26 
patients observed for 48 hours after onset of syp 
toms of acute myocardial infarction. 

This is the first study in which P PEO 
concentrations have been related to central hemody- 
namics in acute myocardial infarction. A high pul- 
monary capillary wedge pressure and low stroke 
volume index are important markers of impaired left 
ventricular function in acute myocardial infarc- 
tion.” It is to be expected, therefore, that there 
should be a direct relationship between pulmonary 
capillary wedge pressure and an inverse relationship 
between stroke volume index and plasma adrenaline 
and noradrenalin concentrations at baseline. 

Plasma catecholamine levels are also elevated in 
chronic heart failure and have been correlated with 
hemodynamic indices of left ventricular dysfunc- 
tion. Thomas and Marks* demonstrated a direct 
relationship between the plasma noradrenalin con- 
centration and the degree of left ventricular dys- 
function as assessed by systolic time intervals, 
whereas Francis et al.” observed a linear relation- 
ship between the plasma noradrenalin concentration 
and pulmonary wedge pressure and an inverse rela- 
tionship between the plasma noradrenalin concen- 
tration and stroke volume index. In a study of 106 
patients, Cohn et al.” found the plasma noradrena- 


- lin concentration to be a better indication of progno- 


sis in chronic heart failure than hemodynamic in- 
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Fig. 4. Changes in plasma adrenaline (ADR). and noradrenalin (NADR) from 0 to 24 hours. Significance 
values represent differences in changes from baseline values, comparing metoprolol with placebo. 


dices of myocardial dysfunction. Our patient popu- 
lation was too small to examine whether plasma 
catecholamine levels are of prognostic significance 
in acute myocardial infarction. However, the rela- 
tionship observed between hemodynamics and cate- 
cholamine concentrations suggest that this may be 
the case. . 

High plasma adrenaline or noradrenalin levels 
were found in all but one of our patients studied 
within 6 hours (range 4 to 12) of onset of symptoms 
of acute myocardial infarction. A further increase in 
both plasma adrenaline and noradrenalin concen- 
trations was found after intravenous administration 
of 15 mg of the selective beta-1 antagonist, metopro- 
lol, followed by 50 mg orally, compared to a placebo- 


treated group. These differences were still apparent 
at 24 hours. Adrenaline levels gradually decreased in 
the placebo-treated group, whereas noradrenalin 
levels remained elevated over the 24-hour study 
period. . 

. There are a number of theoretic grourids for the 
use of beta blockade in the setting of acute myocar- 


_ dial infarction. High catecholamine levels increase 


myocardial contractility and myocardial oxygen 
consumption. Beta-adrenergic blockers are thought 
to exert an antiischemic effect by reducing myocar- 
dial contractility. In addition, high catecholamine 
levels can induce hypokalemia, which is known to be 
arrhythmogenic.” Both propanolol and atenolol 
have been shown to abolish the decrease in potassi- 
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um that results from adrenaline infusion” and 
occurs in acute myocardial infarction.““* 

However, the effects of beta blockade on plasma 
catecholamine levels are controversial. A number of 
studies have demonstrated an increase in the nor- 
adrenalin level in response to propranolol in a 
variety of clinical situations, particularly after acute 
administration. Irving et al. and Hansen et al." 
demonstrated an increase in noradrenalin levels in 
beta-blocked: patients with ischemic heart disease 
both at rest and during exercise, whereas Christens- 
en? demonstrated high catecholamine levels in 
hypertensive patients receiving propranolol com- 
pared to a control group. A similar increase in 
adrenaline and noradrenalin levels in dogs with 
coronary artery occlusion was demonstrated by 
McGrath et al. after intravenous metoprolol. In 
contrast, Mueller et al.‘ demonstrated a decrease in 
both adrenaline and noradrenaline levels after intra- 
venous administration of propranolol to patients 
with a mean delay of 10 hours from onset of 
symptoms of acute myocardial infarction. They sug- 
gested that the decrease in catecholamine levels in 
response to propranolol might be related to block- 
ade of the central beta receptors, the beta-adrener- 
gic receptors. It is possible, therefore, that different 
central effects of propranolol and metoprolol might 
explain the difference in results between the study 
of Mueller et al.’ and ours. Alternatively, the differ- 
ences might be methodologic: our catecholamine 
results were consistent when measured in two sepa- 
rate laboratories by two well-recognized and repro- 
ducible techniques with a high degree of specificity 
and sensitivity. In contrast, Mueller et al.‘ used a 
nonfluorometric method that is less reliable. 

We have previously described an increase in sys- 
temic vascular resistance in a larger population of 
patients with acute myocardial infarction treated 
with metoprolol.” The relationship observed in the 
present study between the changes in plasma cate- 
cholamine levels and changes in systemic vascular 
resistance during the first hour after drug adminis- 
tration provides evidence that the hemodynamic 
response was the result of the effects of the unop- 
posed action of catecholamines on the alpha recep- 
tors in the arterioles. This may have reflected a 
reflex increase in sympathetic tone after a metopro- 
lol-induced decrease in arterial pressure and cardiac 
output; alternatively, a drug-induced decrease in 
systemic clearance of catecholamines from the circu- 
lation could have been responsible.” The increased 
catecholamine levels and increased systemic vascu- 
lar resistance would be expected to increase myocar- 
dial oxygen consumption. and thus counteract the 
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oxygen-sparing effects that were suggested by the 
decrease in heart rate and stroke work index. The 
possible disadvantages of increased systemic vascu- 
lar resistance on myocardial oxygen consumption 


` may explain, in part, the limited impact of acute- 


phase beta blockade on myocardial infarct size in 
the recently reported multicenter studies.”” 

Conclusions. We have studied the effects of acute 
myocardial infarction on circulating catecholamine 
concentrations and the influence of the selective 
beta-1—adrenergic blocker, metoprolol, on these lev- 
els. We found elevated levels of both adrenaline and 
noradrenalin in all but one patient. The high cate- 
cholamine levels were related to impaired left ven- 
tricular function as indicated by high pulmonary 
capillary wedge pressure and low stroke volume 
index. The increase in catecholamine levels in 
response to metoprolol was associated with an 
increase in systemic vascular resistance. The result- 
ing increase in myocardial oxygen consumption may 
have counteracted some of the other beneficial 
hemodynamic effects of beta blockade and thus 
explain the rather limited effect of beta blockade in 
limiting myocardial infarct size in humans. 


REFERENCES ` 


1. Levi L. Neuroendocrinology in anxiety. Br J Psychol 1969; 
3:40-6. 

“2. Raab W. The pathogenic significance of adrenaline and 
related substances in the heart muscle. Exp Med Surg 1948; 
1:188-225. 

3. Gazes PC, Richardson JA, Woods EF. Plasma catecholamine 
concentrations in myocardial infarction and angina pectoris. 
Circulation 1959;19:657-61. 

4. Valori.C, Thomas.M, Shillingford J. Free hioradrérialin and 
adrenaline excretion in relation to clinical syndromes follow- 
ing myocardial infarction. Am J Cardiol 1967;20:605-10. 

5. Hayashi KD, Möss AV, Yu PN. Urinary catecholamine ex- 
cretion in acute myocardial infarction. Circulation 1969; 
40:473-81. 

6. Videbaek JN, Christensen NJ, Sterndorff B. Serial determi- 
nation of plasma catecholamines in myocardial infarction. 
Circulation 1972;46:846-55.- 

7. Siggers DC, Salter C, Fluck DC. Serial plasma adrenaline and 
noradrenalin levels in myocardial infarction using a new 
double isotope technique. Br Heart J 1971;33:878-83. 

8. McDonnald L, Baker C, Bray C, et al. Plasrna catecholamines 
after myocardial infarction. Lancet 1969;2:1021-4. 

9. Jewitt DE, Mercer ‘CJ, Reid D. Free. noradrenalin and 
adrenaline excretion in relation to the development of 
arrhythmias and heart failure in patients with acute myocar- 
dial infarction. Lancet 1969;1:635-41. 

10. Irving MH, Britton BJ, Wood WG. Effects of beta adrenergic 
blockade on plasma catecholamines i in exercise. Nature 1974; 
248:531-3. 

11. Hansen JF, Hesse B, Christensen NJ. Enhanced sympathetic 
nervous activity after intravenous propranolol in ischaemic 
heart disease. Eur J-Clin Invest 1978;8:31-6. . 

12. Christensen NJ. Plasma catecholaminės and arterial hyper- 
tension. Acta Med Scand 1976;602 (suppl):57. 

13. McGrath BP, Lim SP, Leversha A. Myocardial and peripher- 
al catecholamine response to acute coronary artery constric- 


44 Murray et al. 


14, 


15. 


tion before and after propranolol treatment in the anesthe- 
tized dog. Cardiovasc Res 1983;15:28-34. 

Mueller HS, Rao PS, Fletcher J. Propranalol during the 
evolution and subsequent 10 days of myocardial infarction in 
man: hemodynamic, initial cardiac energetic and neurohor- 
monal responses. Clin Cardiol 1979;2:393-9. 

The Miami Trial Research Group. Metoprolol in acute 
myocardial infarction (MIAMI). A randomised placebo- 
controlled international trial. Eur Heart J 1985;6:199-226. 


. Peuler JD, Johnson GA. Simultaneous single isotope radioen- 


zymatic assay of plasma norepinephrine, epinephrine and 
dopamine. Life Sci 1977;21:625-36. 


. Nadeau RA, de Champlain J. Plasma catecholamines in acute 


myocardial infarction. AM H=zart J 1979;98:548-54. 


. Verdouw PD, Hagemeijer F, van Dorp WG, van der Vorm A, 


Hugenholtz P. Short-term survival after acute- myocardial 
infarction predicted by hemodynamic parameters. Circula- 
tion 1975;52:413-19. 


. Forrester JS, Diamond GA, Swan HJC. Correlative classifica- 


tion of clinical and hemodynamic function after acute myo- 
cardial infarction. Am J Cardiol 1977;39:137-45. 





BOUND VOLUMES AVAILABLE TO SUBSCRIBERS 


21. 


22. 


24. 


25. 


26. 


January 1988 
American Meart Journal 


. Thomas JA, Marks BH. Plasma norepinephrine in congestive 


heart failure. Am J Cardiol 1978;41:233-43. 

Francis GA, Goldsmith SR, Cohn JN. Relationship of exer- 
cise capacity to resting left ventricular performance and basal 
plasma norepinephrine levels in patients with congestive 
heart failure. AM Heart J 1982;104:725-31. 

Cohn JA, Levine BT, Olivari MT, et al. Plasma norepineph- 
Tine as a guide to prognosis in patients with chronic conges- 
tive heart failure. N Engl J Med 1984;311:819-23. 


. Struthers AD, Whitesmith R, Reid JL. Metabolic and haemo- 


dynamic effects of increased circulating adrenaline in man. 
Br Heart J 1983;50:277-81. — 

Nordrehaug JE, Johannsen KA, Lippe G, et al. Effect of 
timolol on changes in serum potassium concentration during 
acute myocardial infarction. Br Heart J 1985;53:388-98. 
Murray DP, Murray RG, Rafiqi E, Littler WA. Early beta 
blockade in acute myocardial infarction. Eur Heart J 1985; 6 
(suppl 1):124. . 

ISIS-1 Collaborative Study Group. Randomised trial of intra- 
venous atenolol among 16,027 cases of suspected acute myo- 
cardial infarction: ISIS-1. Lancet 1986;2:57-66. 


Bound volumes of the AMERICAN HEART JOURNAL are available to subscribers (only) for the 1988 issues from the 
Publisher at a cost of $47.00 ($60.00 international) fer Vol. 115 (January-June) and Vol. 116 (July-December). Shipping charges are 
included. Each bound volume contains a subject and author index and all advertising is removed. Copies are shipped within 60 days 
after publication of the last issue in the volume. The binding is durable buckram with the journal name, volume number, and year 
stamped in gold on the spine. Payment must accompany all orders. Contact The C. V. Mosby Company, Circulation Department, 
11830 Westline Industrial Drive, St. Louis, Missouri 63146, USA; phone (800) 325-4177, ext. 351. 

Subscriptions must be in force to qualify. Bound volumes are not available in place of a regular Journal 


subscription. 








Delayed myocardial ischemia following the 
__ cessation of sympathetic stimulation 


A phenomenon entitled ‘delayed myocardial ischemia” has been described, in which there isa : - 
significant degree of coronary malperfusion following the cessation of behavioral stress. The 
primary objective of the present study was to develop a model for the delayed ischemic : 
response In anesthetized animals to gain insights into the underlying mechanisms. In 15 

morphine and chloralose-anesthetized dogs, a moderate degree of stenosis was applied to the 
left circumflex coronary.artery by means of a toroidal! balloon occluder. The pulsed Doppler 
technique was used to monitor coronary flow. After baseline data were obtained, the left stellate l 
ganglion was stimulated for 30 seconds. Heart rate increased (63%), as did systemic blood ; 
pressure (41%) and flow in the left circumflex artery.(47%).:- These parameters rapidly returned to 
control levels when stimulation was terminated. Forty-five to 90 seconds later, coronary flow 
decreased by 65% and coronary vascular resistance increased by 45%. These hemodynamic 
changes were accompanied by ECG abnormalities indicative of regional myocardial ischemia. The 
delayed ischemic response could be prevented by pretreatment with either nifedipine (20 ng/kg) 
or prazosin (0.3 mg/kg). These data indicate that the primary mechanism for the delayed 
ischemic response Is alpha-adrenergically mediated contraction of the smooth muscle In the 


coronary artery wail. (Am ‘Heart J 1988; 115: 45.) . 


Eric L. Hagestad, PhD., and Richard L. Verrier, ‘PhD. Boston, Po 


`- A phenomenon that we have termed “delayed myo- 
cardial ischemia” has recently been’ observed! fol- 
lowing the cessation of behavioral stress in dogs. 
` Specifically, a paradigm involving food-access-deni- 
al has been employed to induce an anger-like state in 


. animals instrumented for recording the ECG, aortic’ 


blood pressure, and coronary arterial blood flow. A 
moderate degree of stenosis was applied to the left 
circumflex coronary artery by inflating‘a toroidal 
balloon occluder. An anger-like state was induced by 
allowing a second “provoker” dog to consume food 
that was kept just out of the reach of the experimen- 
` tal subject. Heart rate, blood pressure, and coronary 


blood flow increased and then promptly returned to ` 
baseline when the provoker dog was memioved from . 


` the room. 


After an ` average delay of soothed 2° 


minutes, there was a rapid decrease in the coronary 


blood flow and a corresponding increase in the. 
This 


calculated coronary”. vascular ` resistance. 
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occurred despite the fact that heart rate and system- 
ic blood pressure remained at normal levels and 
suggested a primary reduction in coronary diameter. 


` This phase was accompanied by ECG changes con- 


sistent with myocardial ischemia.in the region per- - 


fused by the left circumflex coronary artery. , 


Investigation into the underlying mechanisms was 
hindered by the fact that the use of relevant phar- 
macologic agents led to a blunting of the behavioral 
response. The fact that emotional arousal is charac- 
terized by heightened sympathetic activity led to 
the speculation that adrenergic factors might be 
involved in the phenomenon. If so, cessation of 


stellate ganglion stimulation should be followed by a 


similar paradoxical response. The objective of the 
present investigation was therefore to develop a 
reproducible model‘. for the delayed’ ischemic 


response using anesthetized animals, so as to gain 


insight into the underlying mechanisms by employ- 


‘ing appropriate pharmacologic: initorventonk,” 
“METHODS. l 


Subjects. The following srperimenis were carried out 
in a group of 17 healthy adult mongrel dogs, unselected by 
sex, and weighing between 18 and 23 kg. Because of 
electrical noise artifacts in the flow tracings, data from 
two of the dogs were excluded from analysis; thus, the 


‘final data base consisted of 15 dogs. The animals ranged 


between 2 and 7 years | of age, as ascertained by examining 
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the teeth, genitals, facial hair, and eyes. The dogs were all 
supplied by the Harvard University Animal Resources 
Center and were free of parasitic worms (such as Dirofi- 
laria immitis) and respiratory infections. 

Experimental preparation. All portions of the experi- 
mental protocol were approved by the Harvard University 
Standing Committee on the Use of Animals in Research 
and conformed to the “Position of the American Heart 
Association on Research Animal Use.” The dogs were 
premedicated with 4 mg/kg morphine sulfate, injected 
intramuscularly. Twenty minutes later, a surgical plane of 
anesthesia was induced with alpha chloralose (100 mg/kg 
intravenously) and the animals were ventilated with a 
fixed volume respirator (Harvard Apparatus Co., Inc., 
Natick, Mass.). The dogs breathed room air supplemented 
with oxygen as needed to maintain blood gases within a 
normal range (Po, 80 to 120 torr, Pco, 30 to 45 torr, and 
pH 7.35 to 7.45).? 

A polyethylene catheter was placed in the femoral 
artery for sampling arterial blood and for monitoring 
systemic blood pressure, with a model P23 transducer and 
a pressure processor (Gould/Statham, Gould Inc. Cardio- 
- vascular Products, Oxnard, Calif.). A second catheter was 
positioned in the femoral vein for drug administration. 
The ECG was obtained by means of pregelled adhesive 
electrodes (Red Dot, 3M Inc., St. Paul, Minn.) and a 
Gould/Statham ECG/biotach amplifier. Lead II was mon- 
itored continuously throughout the experimental session, 
and all of the limb leads (including augmented) were 
recorded before and after each intervention. 

A thoracotomy was performed in the left fourth inter- 
space, and a 2 cm segment of the left circumflex coronary 
artery was dissected free, with particular care to minimize 
disruption of the pericoronary adipose tissue and adventi- 
tia. When these precautions are taken, there is no appar- 
ent deficit in the coronary vasoconstrictor response to 
neurogenic stimuli.2* A Doppler transducer (Valpey-Fish- 
er Inc., Hopkinton, Mass.) was placed around the dissect- 
ed coronary vessel and a toroidal balloon occluder (Jones 
Manufacturing, Silver Spring, Md.) was positioned just 
downstream. The balloon was inflated with a calibrated 
screw-drive syringe (Hamilton, Inc., Reno, Nevada) so as 
to produce the maximal degree of stenosis that did not 
impair mean coronary flow. According to the criteria of 
Folts et al.,’ this represents a reduction in coronary 
diameter of approximately 60%. 

Data collection and analysis. Data were collected with 
a Gould/Statham 2600 polygraphic recorder. The pressure 
transducers and electronic circuits were calibrated against 
a mercury manometer at the beginning of each experimen- 
tal session. Mean pressure and mean Doppler shift were 
derived by electronic integration of the phasic counter- 
parts. Doppler shift values were converted to the corre- 
sponding volume flows by multiplying the velocities by 
the vascular cross-sectional area. Mean coronary vascular 
resistance was calculated continuously as the quotient of 
mean pressure and mean flow with an analog voltage 
divider. This provides an index of the combined epicardial 
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coronary and microcirculatory resistance. The data were 
analyzed for statistical significance by means of an analy- 

sis of variance program with correction for multiple 

comparisons (ANOVA, SAS Inc., Cary, N.C.) running on a 
VAX 11/780 computer (Digital Equipment Corp., Marl- 
boro, Mass.). Results were considered significant if the 
null hypothesis could be rejected with at least 95% 

certainty. 

Experimental procedures 
Left stellate ganglion stimulation. Left stellate gangli- 

on stimulation was carried out according to methods 
previously employed in the laboratory.’ The left stellate 
ganglion was exposed and carefully draped over a bipolar 
electrode. Sympathetic activation was produced by elec- 
trical stimulation, with 10 V impulses of 10 msec duration, 
at a frequency of 10 Hz. These parameters were selected to 
provide a consistent physiologic response without any. 
apparent nerve damage or fatigue during the course of the 
experiment. The criteria for adequate stimulation were an 
increase in mean arterial blood pressure of at least 25 mm 


- Hg and/or an increase in the rate-pressure product of at 


least 40%. After a plateau was reached (which typically 
required 10 to 15 secands), stimulation was continued for 
30 seconds, at which point it was abruptly terminated. 

Calcium channel blockade. In a subset of six dogs, 
intravenous nifedipine (20 g/kg) was used as a means of 
effecting blockade of the calcium channels of the coronary 
smooth muscle. The drug was administered as a 1-minute 
infusion and the experimental sequence was conducted 10 
minutes later. The hemodynamic status of the animals 
remained stable throughout the experimental session. 
Nifedipine was chosen because of its demonstrated clini- 
cal efficacy in preventing vasospasm in patients with 
Prinzmetal’s angina, even in cases refractory to other 
forms of therapy.” 

Alpha-adrenergic blockade. In a second subset of six 
dogs, prazosin (0.3 mg/kg) was given intravenously to 
establish alpha-adrenergic receptor blockade. This drug 
was selected over other alpha antagonists because of its 
high degree of selectivity for post synaptic alpha,-adrener- 
gic receptors.!*!" A relative lack of affinity for alpha,-. 
adrenergic receptors prevents prazosin from artificially 
increasing neural release of norepinephrine. The efficacy 
of blockade was confirmed by demonstrating that the drug 
had abolished at least 90% of the previously determined 


_Tesponse to a 5 yug/kg bolus of phenylephrine. This ` 


occurred between 45 and 60 minutes following prazosin - 
administration. The high level of antagonism typically 
persisted for an additional 60 minutes. During the period 
of complete blockade, the experimental protocol described 
above was repeated. `` 

After the sequence was completed, the dogs were kept 
anesthetized while the effects of the prazosin dissipated. 
This was done to make certain that delayed myocardial 
ischemia could be evoked following the return of alpha- 
adrenergic receptor function. In humans, the half-life of © 
the drug is about 3 hours. The animals were rechallenged 
with an intravenous bolus of phenylephrine (5 ug/kg) 
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CONTROL STIMULATION POST- 
STIMULATION 


Fig. 1. Effect of a 30-second period of left stellate ganglion stimulation on heart rate and hemodynamic 
function. During stellate stimulation, heart rate, arterial blood pressure, and coronary blood flow are 
significantly augmented. Coronary vascular resistance is unaltered. Following stimulation, when heart rate 
and arterial blood pressure have returned to the control level, there is a substantial decrease in coronary 
artery blood flow and a marked increase in coronary vascular resistance. Values are expressed as 


means + S.E.M. 


` approximately every 30 minutes. When at least 50% of the 
original response had returned, which typically required 2 
to 3 hours, the condition of the experimental preparation 
was assessed according to the following criteria. (1) The 
animals had to be in sinus rhythm, with no more than one 
premature ventricular contraction per minute and no 
couplets. (2) They needed to meet the original criteria for 
left stellate stimulation, namely an increase in mean blood 
pressure of at least 25 mm Hg and/or an increase in the 
rate-pressure product of at least 40%. The entire experi- 
mental sequence was then repeated in the prazosin- 
treated subjects that met these requirements after return 
of alpha,-adrenergic receptor function. 


RESULTS 


No pharmacologic intervention. The response to a 
30-second period of stellate stimulation included 
increases in heart rate (from 100.2 + 10.8 to 162.8 + 
6.5 bpm), aortic blood pressure (from 100.6 + 4.9 to 
141.4 + 5.5 mm Hg), and left circumflex coronary 
blood flow (from 18 + 2.1 to 25 + 2.9 ml/min). 
Calculated coronary vascular resistance remained 
constant (6.5 + 0.8 mm Hg/ml/min). These parame- 
ters rapidly returned to control levels when stellate 
stimulation was terminated (Figs. 1 and 2). 

_ Between 40 and 90 seconds after the cessation of 

stimulation, the hemodynamic response entered a 
second phase, described as delayed myocardial is- 


chemia. Heart rate and blood pressure had essential- 
ly returned to control values (109.4 + 11.4 bpm and 
105.5 + 5.5 mm Hg, respectively). At this time, 
however, the coronary blood flow fell (to 6 + 1.3 
ml/min) and the calculated coronary vascular resis- 
tance increased substantially (to 36.2 + 10.0 mm 
Hg/ml/min). These reductions in myocardial perfu- 
sion were associated with changes in the ST segment 
of the ECG that are characteristic of ischemia in the 
region supplied by the left circumflex coronary 
artery (Fig. 3). In every case, this delayed ischemic 
state persisted until the external stenosis was 
removed by deflation of the balloon occluder, 1 to 3 
minutes after the onset of the response. 

Calcium channel blockade. The calcium channel 
blocker nifedipine was used in a subset of six dogs to 
determine whether the delayed myocardial ischemic 
response could be prevented by pharmacologic 
means. To minimize variance and thus increase 
statistical validity, all 15 dogs (including the six dogs 
in the nifedipine subset, prior to the administration 
of the drug) were used in the control data base. The 
statistical comparisons were thus made on an unbal- 
anced data set, with the appropriate corrections in 
the two-way analysis of variance. 

Before the infusion of nifedipine, the control 
hemodynamic values and the response to stellate 
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Fig. 2. Representative tracing that depicts the response to a 30-second period of stellate stimulation. 
During sympathetic excitation, heart rate, blood pressure, and coronary flow increase, but coronary 
vascular resistance remains essentially unaltered. The post stimulation period is characterized by a 
renormalization of heart rate and blood pressure. At the same time, however, coronary flow decreases 
appreciably and there is a pronounced elevation in coronary vascular resistance. These changes are 
accompanied by ST segment elevation indicative of myocardial ischemia. 


stimulation were essentially the same for these 6 
dogs as for the group of 15 as a whole. Specifically, 
stimulation ‘of the left stellate ganglion increased 
heart rate from a control value of 95.7 + 5.3 to 
157.7 + 8.4 bpm, mean arterial blood pressure from 
92.2 + §.1 to 133.8 + 4.0 mm Hg, and coronary 
blood flow from 20 + 2.9 to 29 + 4.6 ml/min. Coro- 
nary vascular resistance was essentially unaltered, 
rising from 4.9 + 0.4 to 5.5 + 1.3 mm Hg/ml/min. 
Within 10 minutes of nifedipine administration, the 
control heart rate was increased (from 96.7 + 9.4 to 
130.2 + 8.2 bpm) and arterial blood pressure 
decreased (from 100.0 + 4.2 to 88.8 + 4.8 mm Hg) 
(Fig. 4). The 44% increase in coronary blood flow 
(from 16 + 1.7 to 23 + 4.9 ml/min) was greater than 
that which would have been predicted on the basis 
of the 20% increase in the rate-pressure product 
(from 9,670 to 11,560 mm Hg/min), suggesting a 
nonmetabolically-mediated vasodilation. In accor- 
dance with this hypothesis, the calculated coronary 
vascular resistance was reduced (from 7.6 + 1.0 to 


4.4 + 0.6 mm Hg/ml/min) by the nifedipine treat- 
ment. 

Stimulation of the left stellate ganglion produced 
systemic and coronary hemodynamic responses 
identical to those that occurred before nifedipine 
administration. Heart rate increased from its new 
control value of 130.2 + 8.2 to 183.2 + 6.38 bpm, 
blood pressure from 88.8 + 4.8,to 121.0 + 5.7 mm 
Hg, and coronary blood flow from 28 + 4.9 to 36 + 
5.4 ml/min. Coronary vascular resistance decreased 
nonsignificantly, from 4.4 + 0.6 to 3.7 + 0.5 mm 
Hg/ml/min. 

Nifedipine administration completely abolished 
the delayed ischemic response. After the cessation of 
stellate stimulation, all of the hemodynamic param- 
eters rapidly returned to their control values. Specif- 
ically, heart rate and blood pressure remained stable 
(131.5 + 4.2 bpm and 87.2 + 4.9mm Hg, respective- 
ly), as did coronary blood flow (20 + 5.1 ml/min) 
and coronary vascular resistance (5.3 + 0.9 mm 
Hg/ml/min). Coronary blood flow was thus substan- 
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Fig. 3. ECG obtained before and after stellate ganglion stimulation. The first column depicts the control 
ECG. The second shows the development of ischemia in the post stimulation period. This occurs in the 
region supplied by the left circumflex coronary artery. Note ST segment elevation in leads I, III, and aVF. 
The third column shows that upon deflation of the balloon, the ECG returns to its control state. 


tially increased in comparison to the group mean 
value obtained at the same time in the absence of 
calcium channel blockade; this resulted in a relative 
decrease in coronary vascular resistance. Nifedipine 
also prevented the ECG alterations indicative of 
myocardial ischemia. 

Alpha,-adrenoceptor blockade. The effects of the 
alpha,-adrenergic receptor antagonist prazosin were 
explored in a second subset of six dogs. Before the 
administration of prazosin, the control hemodynam- 
ic values and the response to stellate stimulation 
were essentially the same for these six dogs as for the 
group of 15 as a whole. As in the portion of the study 
involving calcium channel blockade, all 15 dogs 
(including those later treated with prazosin) were 
used to provide the control data base. The cited 
comparisons were made on this unbalanced data set, 
with the appropriate corrections in the i 
analysis of variance. 

None of the hemodynamic parameters was signif- 
icantly altered by the administration of prazosin. 


Left stellate stimulation effectively increased heart 
rate (from 106.4 + 16.7 to 159.4 + 27.8 bpm), blood 
pressure (from 97.4 + 5.9 to 127.8 + 17.0 mm Hg), 
coronary blood flow (from 13 + 1.2 to 15 + 3.8 
ml/min), and coronary vascular resistance (from 
8.1 + 1.1 to 16.3 + 8.2 mm Hg/ml/min) (Fig. 5). 

Prazosin abolished the delayed ischemic response 
completely in this group of animals. Heart rate and 
blood pressure rapidly returned to the post prazosin 
control levels (114.2 + 12.8 bpm and 103.2 + 5.8 
mm Hg, respectively). No vasoconstriction occurred, 
however, as evidenced by the values for coronary 
blood flow (10 + 1.6 ml/min) and coronary vascular 
resistance (12.1 + 3.1 mm Hg/ml/min). These weré 
essentially identical to those values obtained before 
stimulation, and were therefore substantially differ- 
ent from the group mean data obtained following 
the cessation of stimulation in the absence of alpha,- 
adrenergic blockade. The morphology of the ECG 
also remained the same as during the control peri- 
od. 
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Fig. 4. Effects of intravenous nifedipine (20 ug/kg) on heart rate and hemodynamic function before, 
during, and after left stellate stimulation. The drug completely blocked the decrease in coronary blood 
flow following cessation of sympathetic stimulation. The increase in coronary resistance was also 
prevented. The data were derived from a subset of the control group. 
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Fig. 5. Influence of intravenous prazosin (0.3 mg/kg) on heart rate and hemodynamic function before, 
during, and after left stellate ganglion stimulation. Prazosin completely blunted the alterations in. 
coronary blood flow and vascular resistance during the post stimulation period. These results were 
obtained from another subset of the control group. 


Three of the six animals in the prazosin subset quate response to left stellate stimulation and 
met the criteria outlined in the Methods section another dog was not used because of ventricular 
following the return of alpha,-receptor function. ectopy. In each of the three dogs, the delayed =a 
Two of the dogs were rejected because of an inade- myocardial ischemic response was again evoked 
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after the effects of prazosin had dissipated. In light 
of this evidence, it is concluded that the delayed 
ischemic response was specifically inhibited by pra- 
zosin, rather than by an unspecified, temporally- 
related phenomenon. 


DISCUSSION 


The primary objective of this study was to gain 
insight into the mechanisms underlying the delayed 
myocardial ischemia that has been reported follow- 
ing behavioral stress.' A model was developed in 
dogs anesthetized with morphine and chloralose, 
and the delayed ischemic response was precisely 
replicated following a period of left stellate stimula- 
tion. 

Electrical stimulation of the intact left stellate 
ganglion resulted in the suite of cardiovascular 
changes associated with activation of the sympa- 
thetic nervous system: increases in heart rate, arte- 
rial blood pressure, and coronary blood flow. Coro- 
nary vascular resistance was unaltered, as was the 
pattern of the ECG waveform. 

Upon cessation of the stimulus, the cardiovascular 
response entered a second phase, analogous to the 
delayed ischemia observed following behavioral 
stress. Specifically, heart rate and arterial blood 
pressure rapidly returned to control levels. There 
was a substantial reduction in blood flow through 
the monitored left circumflex coronary artery and a 
corresponding increase in calculated coronary vas- 
cular resistance. In addition, there were changes in 
the ECG pattern indicative of ischemia in the 
myocardial region perfused by the circumflex coro- 
nary artery. 

MacAlpin has explored the role of geometric 
factors in determining the degree of coronary artery 
occlusion that results from various degrees of vascu- 
lar smooth muscle contraction. He determined that, 
with constriction, the luminal radius decreases at a 
rate proportionally faster than the outer radius. In a 
sense, wall thickness acts as a lever, magnifying the 
hemodynamic effects of smooth muscle contraction. 
According to his calculations, the fourth power 
effect of the radius described by Poiseuille implies 
that for a vessel with an 80% stenotic lesion, the 
luminal alterations in adjacent normal segments 
required to occlude the vessel completely may be as 
little as 0.5% of the nonconstricted radius. This, of 
course, is substantially smaller than the resolving 
power of coronary cineangiography. 

In light of these studies regarding the influence of 
stenotic lesions on the propensity for vasomotor 
coronary constriction, an important question 
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remains in the context of the present investigation. 
That is, what is the influence of the externally 
applied occlusion on the propensity for delayed 
myocardial ischemia? There is at least one funda- 
mental difference between this model of coronary 
stenosis and the usual clinical situation. The steno- 
sis produced by the toroidal balloon occluder is an 
acute process, whereas naturally-occurring coronary 
artery disease normally develops over the course of 
many years. 

The pathophysiology of human atherosclerotic 
plaques is quite complex.’** It has been demon- 
strated,” for example, that an extensive plexus of 
vasa vasorum is formed within these lesions that 
may facilitate the delivery of blood-borne vasocon- 
stricting substances to the coronary smooth muscle. 
Because the new vessels tend to be quite fragile, 
rupture and hemorrhage within the plaque provide 
another possible mechanism that may increase the 
possibility of vasospasm. Finally, it has been sug- 
gested that this vascular proliferation may be asso- 
ciated with the recruitment of autonomic nerves, 
resulting in high local concentrations of norepineph- 
rine during stress. 

It can be assumed that none of these phenomena 
is operative during the short time course of the 
present study. It is entirely possible that the acute 
stenosis also facilitates the development of coronary 
vasospasm in some as yet undefined manner. A more 
restricted assumption is that the delayed myocardial 
ischemic response is the result of a relatively diffuse 
contraction of coronary smooth muscle. 
` MacAlpin” and Gorlin® provided evidence indi- 
cating that coronary arterial vasospasm might be the 
result of normal vasomotion superimposed on 
regions of flexible organic stenosis. Contraction of 
the surrounding medial smooth muscle then leads to 
deformation of the vessel wall. Thus, coronary 
“spasm” may be as much the result of the geometry 
of the stenosis as any local hypercontractility of the 
coronary smooth muscle. 

In the present study, intravenous administration 
of nifedipine resulted in a decrease in arterial blood 
pressure and an increase in heart rate. At the same 
time, coronary blood flow increased substantially, 
resulting in a reduction of calculated coronary vas- 
cular resistance. These hemodynamic alterations are 
in accord with those observed by Vatner and 
Hintze” following administration of the same dose 
of nifedipine in conscious dogs. They concluded that 
the change in coronary resistance was the result of 
dilation, both of the large epicardial coronary arte- 
ries and at the arteriolar level. Blockade of calcium 


52 Hagestad and Verrier 


channels with nifedipine was effective in preventing 
the delayed myocardial ischemic response. In con- 
junction with the evidence previously presented, 
this suggests that a primary mechanism is contrac- 
tion of vascular smooth muscle, mediated by a fuz 
of ionized calcium. 

The selective antagonist prazosin was utilized 7 
determine whether activation of alpha,-adrenergic 
receptors plays a role in the development of the 
delayed ischemic response. Administration of this 
agent in a dose sufficient to prevent at least 90% of 
the response to phenylephrine was itself without 
hemodynamic effect. Taken in conjunction with 
evidence provided by the nifedipine studies, the 
observed efficacy of prazosin in preventing delayed 


myocardial ischemia implicates alpha,-adrenergical-_ 


ly mediated smooth muscle contraction as the pri- 
mary mechanism. The return of the delayed con- 
strictor response, in parallel with the recovery of 
alpha;-adrenoreceptor function, provides further 
support for this hypothesis. 

Although arterioles are frequently described as 
“resistance vessels,” Vatner et al.” have provided 


evidence for alpha-adrenergically mediated con- 


striction of the left circumflex ‘coronary artery in 
conscious dogs of a magnitude sufficient to result in 
a significant increase in. total coronary vascular 
resistance. These studies have been extended by 
Heusch et al. 7 In a series of experiments ‘involving 
anesthetized dogs, as well as in vitro tissue prepara- 
tions, they have provided evidence that alpha,- 

adrenergic stimulation can result in significant con- 
striction of large coronary arteries. A fundamental 


issue that remains to be resolved is the relative - 
contribution of large coronary artery constriction in ' 


the delayed ischemic response. 

In conclusion, a delayed myocardial ischemic 
response has been reproducibly elicited following 
the cessation of left stellate stimulation in the 
presence of a moderate stenosis of the left circum- 
flex coronary artery. The most straightforward 
explanation is that a relative excess of alpha,- 
adrenergic receptor activation leads to a calcium- 


mediated contraction of vascular smooth muscle. - 
The resulting reduction in luminal radius is trans- - 


lated to an increase in resistance, as ; predicted by the 
law of Poiseuille. 
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Systemic alkalosis as a provocative test for 
- coronary artery spasm in patients with 
infrequent resting chest pain ` 


‘Systemic alkalosis was ised to detect coronary spasm In 237 patients with infrequent, resting, 
_angina-compatible chest pain. The provocative test was performed without previous coronary f 
arteriography but only in patients with negative submaximal exercise test results. Rapid infusion __ 
of alkaline solution followéd by maximal hyperventilation raised arterial pH above the 7.65 value 
necessary for dlagnostic significance in 196 (83%) patients. In 24 (12%) of these patients the 
provocative test Induced significant ischemic ST segment changes. in ail patients with a- positive 
.fesponse, coronary artery disease, which was predominantly vasospastic (19 patients) or 
atheromatous with a vasospastic ; contribution (five patients), was demonstrated by coronary . 
arteriography followed, if necessary, by ergot derivative injection. Chest pain and ECG changes 
were always reversed within 5 minutes by. intravenous nitroglycerin. Coronary arteriography was 
not performed. ‘in all patients with a negative response; therefore, the sensitivity of the procedure 
could not be assessed. However, 36 patients with a negative response to hyperventilation 
_underwent coronary arteriography; 33 (92%) had- normal arteriograms and a negative response to 


ergot derivatives. Hyperventilation appears to be a safe and specific diagnostic procedure in a 
subset of patients | in whom the probability of coronary artery disease may not be judged 
sufficient to warrant coronary iat as a primary aiasnosite approach. (Am Heart J 


1988; 115:54. ). 


Simon Weber, M. D., Laure Cabanes, M. D., Jean-Claude Simon, M.D., 
Muriel Letrait, M.Sc., Jean Fouchard, M.D., raps Guerin, M.D., and 


Michel Degeorges, N M. D. Paris, France - 


i 


monitoring and hospitalization in a coronary care 


unit to allow ECG recording during chest pain. ` 


Exercise testing is sufficiently sensitive to rule out 
severe, three-vessel, permanent, atheromatous, cor- 


_onary artery stenosis but usually cannot detect. - 
. coronary artery spasm, which is frequently a con- 

tributing factor in nonexertional angina. Most inves- . 
tigators do not recommend provocation of coronary `` 


spasm with ergot derivatives without previous 
knowledge of coronary artery status,'* yet the prev- 


alence of fixed and/or vasospastic coronary artery - 
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Patients with infrequent resting chest pain occur- 
ring less than .once or twice a week represent a.. 
relatively significant proportion of those who have _ 
chest pain compatible with a diagnosis of angina 
pectoris. The low frequency: of these spontaneous © 
‘episodes limits the diagnostic value of.both Holter ` 


METHODS 


disease in patients with atdi resting ee 


pain may not be sufficient to warrant the use of — 
‘coronary arteriography a asa primary diagnostic prg 


cedure. 
Provocation of coronary spasm by beea 
tion-induced alkalosis has been previously used as a 


diagnostic procedure, both in this laboratory* 5 and <$ 
- in several others.®” The rapid dissipation of alkalosis: 


at the end of hyperventilation may decrease the risk 


. of prolonged nitroglycerin-resistant vasospasm such 7 
-as can be observed with ergonovine maleate.’ The 
- purpose of this study was to assess the safety and 


potential diagnostic value of the alkalosis ‘provoca-. : 
tive test in patients with infrequent, angina-compat- 


_- ible, resting chest pain. The test was performed | 
“ without previous. coronary angiography but. after a 
‘submaximal exercise test to exclude (within limits). 
` the presence of severe, fixed, three-vessel, or left: . 


main atheromatous coronary y antey disease. 
=. Ae 


Patient selection. A total of 237 patienis with resting 


- chest pain were included. in the study, which was carried 


out between October 1979 and May 1986. The referring 
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Table I. Characteristics of patients with positive and negative responses to hyperventilation 








Positive response 
to hyperventilation 


Negative response 
to hyperventilation 





Characteristics (n = 24) (n = 172) 
Mean age (yr) 47 + 10 50 +8 NS 
Men 14 (58%) 98 (57%) NS 
Women 10 (42%) 74 (48%) NS 
Outset of chest pain <1 month 18 (75%) 102 (59%) NS 
Predominantly nocturnal chest pain 11 (45%) 48 (28%) NS 
Smoking 21 (87%) 86 (50%) p<0.001 
Hypertension 5 (21%) i 14 (8%) ' NS 
Hypercholesterolemia 6 (25%) 21 (12%) NS 
Diabetes 1 (4%) 5 (3%) NS 








cardiologist had judged the pain to be compatible with a 
diagnosis of angina, taking into account the type, dura- 
tion, location, and radiation of the pain. Additionally, 
routine clinical, biochemical, and radiologic examinations 
had been performed in an attempt to exclude possible 
differential diagnoses. Only patients with negative sub- 
maximal exercise test results were subjected to the hyper- 
ventilation provocative test. Results of exercise tests 
(bicycle ergometer) were considered negative when at 
least 90% of the predicted maximal heart rate (220 minus 
age in years) was reached without chest pain and ischemic 
ST changes on the ECG. 

Patients were not included in the study if they had 
previously documented myocardial ischemia (ECG 
changes during chest pain) or obstructive airway disease, 
or if they were more than 65 years of age. Previous 
experience indicates that these patients often cannot 
hyperventilate to a sufficient extent to reach the required 
level of alkalosis. All patients gave informed consent 
before being subjected to this provocative test. 

Provocative test procedure. Systemic alkalosis was 
obtained according to a previously described procedure*® 
adapted from that of Yasue et al.” This procedure com- 
bines infusion of alkaline solution and hyperventilation to 
reach a degree of alkalosis sufficient to provoke coronary 
spasm in patients with variant angina. The test was 
performed on an outpatient basis in the coronary care unit 
between 9 am and 11 am. All vasoactive drugs were 
discontinued before the study. In particular, calcium 


antagonists and long-acting nitrates were withheld for at . 


least 48 hours before the test. 

A bipolar precordial lead was monitored throughout the 
test and during the first 30 minutes of recovery. A 12-lead 
ECG was recorded every minute during the procedure and 
during the first 10 minutes of recovery. An infusion of 200 
cm? tris buffer (THAM) was given via an antecubital vein, 
over 5 minutes, immediately followed by a 5-minute 
period of hyperventilation. Patients were instructed to 
maintain a respiration rate of 25/min of maximally obtain- 
able inspiration and expiration. At the end of hyperventi- 
lation arterial blood was sampled for determination of pH 
and blood gas concentrations. According to both experi- 


mental’ and clinical*’ data, the state of alkalosis does not 


have significant diagnostic value in this context unless the 
pH of arterial blood is >7.65. 

ST changes induced by alkalosis were considered signif- 
icant and indicative of ischemia when their duration was 
>0.08 second and when amplitude was >1.5 mm for ST 
depression and >2.0 mm for ST elevation. An intravenous 
bolus injection of 0.75 mg nitroglycerin was given as soon 
as a positive ECG response was recorded. If the ECG 
changes did not return to baseline within 2 minutes after 
injection of nitroglycerin, an additional 0.75 mg was 
administered. If no significant ST changes occurred dur- 
ing the first 10 minutes of recovery, the provocative test 
results were considered negative. Patients remained under 
ECG monitoring for an additional 20 minutes to exclude 
any delayed response. 

Coronary angiography. Coronary angiography and left 
ventriculography were performed systematically in those 
patients in whom alkalosis elicited a positive ECG 
response, usually within 48 hours but always within a 
week of the provocative test. Angiography was performed. 
between 9 AM and 11 am, that is, at approximately the 
same time of day as the hyperventilation provocative test. 
If no significant (>70%) stenosis of a major coronary 
artery was found, a provocative test using ergot deriva- 
tives was performed during angiography. An intravenous 
bolus injection 0.4 mg methylergometrine (Methergine, 
Sandoz Pharmaceuticals, Hanover, N.J.) was given during 
continuous ECG monitoring, and both the left and right 
coronary arteries were opacified at 2 minutes and 5 
minutes after the injection. 

Results of ergot-derivative provocative testing were 
judged to be positive or negative according to the criteria 
of Bertrand et al.,! that is, transient occlusion or transient 
significant (>70%) narrowing of a previously normal 
segment of the coronary artery. In patients with a negative 
response to hyperventilation, coronary arteriography and 
subsequent ergot provocative testing were not performed 
systematically, but only if the referring cardiologist sus- 
pected the probability of coronary artery disease sufficient 
to justify an invasive procedure. 

Statistical analysis. Clinical characteristics of patients 
with negative and positive responses to hyperventilation 
were compared. Statistical analysis was performed with 
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Table Il. Characteristics of patients with a positive response to hyperventilation 





Patient Age pH value Onset of ECG Arrhythmias Coronary Methylergometrine 
No. (yr) Sex atendofHV ST changes leads or AV block angiography testing 
1 54 M 7.68 HV 5 min ViVa VPB Normal + 
2 58 M 7.65 R 2 min D,D, Vr — NS lesions + 
3 '3 M 7.66 R 2 min V-V; — NS lesions + 
4 45 M 7.65 HV 4 min Da VaV -Ve VPB Normal + 
5 36 F 7.66 R 3 min Dap Dy, Fp VPB Normal + 
6 58 F 7.70 HV 4 min D,,V2,Vi-Ve VPB Normal + 
7 68 M 7.65 R 1 min DaD, VF —_— Normal + 
8 36 M 7.68 R 1 min D,,D;,Ve VPB and AV 70% RCA Not done 
block stenosis 
9 - 89 M 7.65 >` R 3 min Vi-Ve VPB Normal ; + 
10 39 F 7.66 R 1 min D, Va VaVe — 80% CX Not done 
stenosis 
1 40 F LIL HV 5 min D,D;,Vep — NS lesions + 
12 55 M 7.65 HV 5 min D,,V2,Vs-Ve — Normal + 
13 47 F 7.66 R 2 min D,,D3,VzVs-Ve VPB i Normal + 
14 45 F 7.65 Ri min VV; VPB 70% LAD Not done 
, stenosis 
15 28 M 7.67 NV 4 min D,D, VF AV block Normal + 
16 39 M 765 — R2min V-V VPB "Normal Negative response 
17 43 F 7.79 R 1 min V-V — Normal + 
18 51 M 7.67 HV 5 min V,-V, — NS lesions + 
19 63 F 7.66 HV 4 min V.-Vs VPB Normal + 
20 48 F 7.67 Ri min DaD; Vr — 70% RCA Not done 
stenosis 
21 51 M 7.65 R 2 min D,,D;,Ve VPB and NS lesions + 
l supraventricular 
VPB 
22 52 F 7.67 R 1 min D,D, Ve — Normal + 
23 61 F 7.76 HV 4 min Vi-Vs — NS lesions + 
24 59 M 7.67 HV 5 min D, Va Vs, Ve — 80% CX Not done 
. i stenosis 











VPB = Ventricular premature beats; AV = atrioventricular; HV = hyperventilation; R = recovery; NS = nonsignificant (<70%) lesions; LAD = left 
anterior descending artery; CX = circumflex artery; RCA = right coronary artery. . ' 


the biomedical data program (BMDP),! using Student’s ¢ 
test for comparison of means and the Pearson chi-square 
or Fisher exact test for comparison of qualitative vari- 
ables. Differences were considered significant for 
p <0.05. 


RESULTS 


Hyperventilation testing. Forty-one patients could 
not reach the 7.65 pH value considered necessary for 
diagnostic significance and were withdrawn from the 
study. Twenty-four patients had a positive response 
to alkalosis; their mean pH value was 7.67 + 0.03. 
Relevant characteristics of these patients are sum- 
marized in Table I, and the main features of their 


response to alkalosis are described in Table IL. 


Ischemic ST changes occurred between 4 and 5 
minutes of hyperventilation in 10 patients and 
within the first 8 minutes of recovery in the remain- 
ing 14. No delayed response, that is, no response 
occurring after the first 3 minutes of recovery, was 
observed. In 20 patients ischemic ST changes were 


accompanied by recurrence of the usual chest pain; 
in four patients the significant ST changes were not 
accompanied by pain, but intravenous nitroglycerin 
was administered as soon as the ECG changes were 
recorded. ; - 

ST elevation was observed in 14 patients and ST 
depression in 10. Ischemia occurred in the anterior 
leads (V, to V,) in nine patients, in the lateral leads 


-(D, Vis Vs, Ve) in five, and in the inferior leads (D,, 


D; Vr) in 10. Ventricular premature beats were 
noted during ischemia in 11 patients, supraventricu- 
lar premature beats in one, and nodal atrioventricu- 
lar block in two. A single 0.75 mg bolus injection of 
nitroglycerin was sufficient to cause the ECG to 
return to normal in 17 patients; a second bolus 
injection was required in the remaining seven. In all 
patients the ECG returned to normal within 5 
minutes, and arrhythmias and conduction distur- 
bances disappeared when ischemia was suppressed 
by nitroglycerin; therefore, no specific treatment 
was required. In one patient hypotension induced by 
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two successive doses of 0.75 mg nitroglycerin was 
corrected by the infusion of 500 ml plasma volume 
expander. 

In 172 patients the ECG remained unchanged 

during hyperventilation and recovery; the mean pH 
value of the patients with negative responses was 
7.67 + 0.02, which was identical to that of patients 
with positive responses. Minor transient symptoms 
such as lightheadedness and numbness of the hands 
and lips resulting from alkalosis were frequently 
experienced; however, the patients had been warned 
of the possibility of their occurrence before the 
procedure took place, and neither symptom was 
sufficiently severe to warrant discontinuation of the 
procedure. Clinical characteristics of patients with a 
positive response (Table I) were not significantly 
different from those with a negative response with 
the exception of smoking, which was more frequent- 
ly (p < 0.001) noted in patients with hyperventila- 
tion-induced coronary spasm. 
Coronary arteriography. All 24 patients with positive 
responses to hyperventilation underwent coronary 
arteriography. Significant (>70%) stenosis was 
found in five patients (Table II) who, as a result, 
were not subjected to methylergometrine testing. In 
19 patients there were no significant lesions; coro- 
nary arteriograms were either normal (13 patients) 
or showed nonsignificant (<70%) stenosis (six 
patients). During angiography, these 19 patients 
underwent methylergometrine testing. Results of 
this provocative test were positive in 18 patients and 
negative in one. In this latter patient, with a differ- 
ent response to alkalosis and methylergometrine, 
chest pain became more frequent several weeks later 
and 24-hour Holter monitoring documented several 
episodes of ST elevation occurring at rest, which 
may have been a consequence of transient transmu- 
tal ischemia secondary to coronary spasm. 

Only 36 of 172 patients with a negative response 
underwent coronary angiography; in 33 patients 
both the angiogram and the response to methyler- 
gometrine were normal. In two patients there was 
significant stenosis, and in one patient the angio- 
gram was normal but methylergometrine induced 
coronary spasm. 


DISCUSSION 


Among the 196 patients in whom arterial blood 
pH reached 7.65, a value judged to be of diagnostic 
significance, hyperventilation elicited coronary 
spasm in 24 (12.2%). In all but one of these patients 
either coronary arteriography indicated a significant 
stenosis (five patients) or ergot derivative injection 
produced angiographically documented coronary 
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artery spasm (19 patients). In five patients signifi- 
cant (>70%) stenosis was present despite normal 
submaximal exercise test results; it should be noted 
that in these five patients the stenosis was moder- 
ately severe (between 70% and 80% reduction in 
luminal diameter) and was usually located either on 
a minor branch or distally on a major branch. In 
these five patients coronary spasm, superimposed on 
a moderately severe atheromatous stenosis, was 
probably the major contributor to the onset of 
ischemia. The majority of patients with a positive 
response to hyperventilation (79%) had no signifi- 
cant atheromatous lesion; this unusually high pro- 
portion is due to the fact that only patients with 
negative submaximal exercise test results were 
included in the study. 

In the single patient with a positive response to 
hyperventilation, but without significant stenosis, 
and with a negative response to methylergometrine, 
transient transmural ischemia was documented by 
Holter monitoring several weeks thereafter. The 
differences in responses of this patient to hyperven- 
tilation and to ergot derivative may not represent a 
true discrepancy between these two methods but 
rather reflects the known variability with time of the 
responsiveness of a given patient with variant angi- 
na to any provocative test. 

In the present study the mean peak 7.67 + 0.03 
pH value was higher than the results obtained by 
Girotti et al. These authors repeatedly used the 
vasospastic response to hyperventilation to assess 
the efficacy of antianginal drugs in a group of 10 
patients with variant angina. They did not adminis- 
ter any alkaline solution before hyperventilation; 
thus the mean maximal pH value was only 7.58. The 
purpose of the study of Girroti and al.° was not to 
use hyperventilation as a diagnostic method for 
detecting coronary spasm but as a reproducible 
procedure to evaluate responses to therapy. There- 
fore, only a highly select group of patients in the 
active phase of Prinzmetal’s variant angina, with 
frequent spontaneous chest pain also easily induc- 
ible by hyperventilation, was included in their 
study. In this type of patient a lesser degree of 
alkalosis may be sufficient to induce coronary 
spasm. In our study only patients with infrequent 
chest pain, who would therefore be in a less active 
phase of their disease, were considered and then 
evaluated for possible vasospastic angina. In this 
other type of patient a higher level: of alkalosis is 
probably necessary to elicit coronary spasm, which 
cannot be constantly reached by hyperventilation 
alone but requires a combination of infusion of 
alkaline solution and hyperventilation. 
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In a similar manner, Waters et al? demon- 
strated that the amount of ergonovine maleate 
required to elicit coronary spasm varied in the same 
patient according to the current phase of vasospastic 
angina. Indeed, when Girotti et al used their 
technique of hyperventilation not preceded by infu- 
sion of alkaline solution, they did not have any 
positive responses in a group of 74 patients with 
infrequent chest pain whose clinical features 


appeared to be similar to those of the patients 


evaluated in the present study. 

Another difference between the results of the 
present study and those of Girotti et al. was that we 
found that coronary spasm occurred either during 
the last minute of hyperventilation (10 patients) or 
within the first 3 minutes of recovery (14 patients) 
but never later. In the study of Girotti et al., 
coronary vasospastic response to hyperventilation 
was, in some patients, delayed up to 11 minutes after 
the end of hyperventilation. 

In previous studies of hyperventilation-induced 
coronary spasm,*’ it was noted that the. ECG 
response occurred either at peak alkalosis or, more 
frequently, during early recovery when the pH of 
arterial blood was already below its maximal value. 
Thus, in some instances alkalosis, by a delayed or 
indirect mechanism, may act as a promoter of a 
sequence of events leading to coronary spasm. In the 
present study the 5-minute period of hyperventila- 
tion was preceded by 5 minutes of infusion of 
alkaline solution, which could have resulted in an 


earlier onset of alkalosis, possibly accounting ior the 


earlier vasospastic response. 

As in other reports*’ of induction of coronary 
spasm by alkalosis, the ischemic ECG changes were 
consistently abolished within 5 minutes by nitro- 
glycerin; no prolonged refractory spasm as can occur 
with ergot derivatives* was observed. It should be 
noted that nitroglycerin was administered as soon as 
a significant ST segment change was noted, whether 
or not chest pain had occurred; if ischemia was 


recorded while hyperventilation was still in progress | 


(10 patients), nitroglycerin was administered. and 
hyperventilation was discontinued. The possibility 
of reversing ST changes solely by discontinuing 
hyperventilation was not investigated. Immediate 
intravenous injection of nitroglycerin as soon as 
ischemia was documented may have contributed to 
the constant and rapid reversibility of alkalosis- 
induced coronary spasm. 

Only 36 of 172 patients with a dave response 
to hyperventilation were. subjected to coronary angi- 
ography and, if required, subsequent ergot deriva- 
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‘tive testing. In the remaining 136 patients the 


combination of negative submaximal exercise test 
results and a negative response to hyperventilation 
was judged (by the referring cardiologist) sufficient 
to exclude the presence of coronary artery disease. 

These 136 patients were not available for long- 
term follow- -up, because the presence of coronary 
artery disease was excluded and thus the overall 
predictive value of a negative hyperventilation test 
could not be established. Among the 36 patients 
with a negative response to hyperventilation who 
underwent angiography, 33 (91.7%) had both a 
normal coronary arteriogram and a negative 
response to methylergometrine. Two patients with a 
negative response to alkalosis had single-vessel dis- 
ease, despite normal results of submaximal exercise 
tests; in the presence of significant coronary steno- 
sis, ergot derivative testing was not performed and it 
is therefore difficult to assess whether or not the 
resting chest pain was provoked by coronary spasm. 
In one of the patients with a negative response to 
alkalosis; the coronary arteriogram was normal and 
methylergometrine induced coronary spasm. This 
false negative response to alkalosis may either be the 
consequence of a vasoconstrictor effect of alkalosis 
that is less potent than that of methylergometrine or 
may reflect the known variability of the vasomotor 
responsiveness of patients with variant angina to 
any provocative test. 
. Inconclusion, among 196 patients with infrequent 
resting chest pain in whom a sufficient (pH >7.65) 
degree of alkalosis was reached, hyperventilation 
accurately detected coronary artery disease in 24 
(12.2%) either predominantly vasospastic (79%) or 
atheromatous patients with a probable vasospastic 
contribution (21%). We believe that provocation of 
coronary spasm by alkalosis obtained by a combina- 
tion of infusion of alkaline solution and hyperventi- 
lation can be performed safely without prior knowl- 
edge of the results of coronary arteriography, in 
patients in whom the presence of severe, atheroma- 
tous, three-vessel disease has been ruled out by 
negative. submaximal exercise testing, and provided 
that nitroglycerin is administered intravenously as 
soon as ischemia has been recorded. Hyperventila- 
tion as a provocative test of coronary artery spasm 
has been a useful diagnostic procedure in patients in 
whom the relatively low probability of coronary 
artery disease does not warrant the use of such 
invasive and costly procedures as coronary arteriog- 
raphy. 

We ‘appreciate the expert secretarial assistance of Jocelyne 
Boudillet in the preparation of the manuscript. 
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Decrease in frequency of anginal episodes by 
control of thrombin generation with. low-dose 
heparin: A conkroved: cross-over randomized 


study 


increased thrombin ‘gonration is frequently assoctatod. with an increase ‘in anginal activity. A 
cross-over, single-blind, completely randomized study was planned in order to evaluate whether 
the control of thrombin generation affected the increase in anginal activity. After discharge from 
the hospital, 24 patients (is men and 6 women, aged 40 to 69 years) suffering: from spontaneous 
angina were followed up to 12 months and were alternatively treated during two consecutive - 
6-month periods with calcium heparin, 1 2, 500 IU by the subcutaneous route, or with placebo by - 
the intramuscular route, in addition to the usual antianginal medications. Thrombin generation 
and clinical activity of angina were assessed every 15 days by measuring fibrinopeptide A (FPA) 
plasma levels and by grading in three classes (symptomless, mildly symptomatic, and severely 
symptomatic) the anginal activity on the basis of the number and the time concentration ‘of the 
ischemic attacks and ECG changes. Low-dose heparin tréatment significantly reduced both the 
FPA plasma level (from 4.1.+ 3.7 to 2.3 +. 1.8 ng/ml, p < 0.001) and the clinical activity of 
angina. During heparin treatment, the frequency of the observations in the severely and mildly 
symptomatic classes decreased, respectively, by 53% and: by. 30%,. whereas that in the 
symptomiess class increased by 23% (p < 0. 001) in comparison with the period on placebo. 


Present results indicate that the control of thrombin generation obtained by low-dose o 


_ treatment favorably affects the degree of anginal activity in patients with spontaneous angina. 


(Am Heart J 1988;115:60.) 
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Factors primarily involved in the transition from | 
chronic to acute angina, including the development — 
of unstable angina, are still unclear. Elevated fibri- 


nopeptide A (FPA) plasma levels have been report- 
ed in patients with acute coronary insufficiency’ and 
- unstable angina.? A good time correlation between 
FPA plasma levels and the activity of angina has 


been found in a group of patients followed for 12 | 
months.’ Among the mechanisms responsible for the’ 


occurrence of unstable. angina, coronary vasospasm 


and (to a greater extent) coronary thrombosis seem _ 

E ' on atherosclerotic plaques. Thus, convincing evidence 

_ exists of a -close relationship between increased: - 
‘thrombin generation, as documented by the rise of | 
` FPA in plasma, the occurrence of coronary thrombo- _ 
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to be the mest important. Posmorin coronary 
arteriography and careful histopathologic. sectioning 


of the obstructive lesions in patients who have died 
goon after an episode of unstable angina frequently- 
` showed. layered thrombi, indicating deposition at 
` different times.“ € Angiographic lesions suggesting a 


partially ‘occlusive thrombosis could often be found 
in patients with acute unstable angina.’® A recent’ 


. ‘angioscopic study” demonstrated that patients with - 
- unstable angina usually have nonocclusive intralu- 


minal coronary artery thrombi attached to ruptured 


sis, and the increase in anginal activity. However, it 
still needs to be established whether thé increased. 
thrombin generation precedes and contributes to 
the occurrence of angina by inducing a mural throm- 
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bus or, on the contrary, the thrombin generation and 
mural thrombosis are only consequent to the 
increase of angina induced by other mechanisms, 
such as coronary vasospasm," platelet aggregation,” 
and sudden narrowing of coronary stenosis." 
A body of evidence indicates that low-dose hepa- 
rin treatment is able to control hypercoagulability 
` resulting from surgical operations and to effectively 
prevent related thrombotic phenomena." A group of 
anginal patients was treated with low-dose heparin 
according to a controlled, cross-over, completely 
randomized design to evaluate the relation between 
the increased thrombin generation and the worsen- 
ing of angina. 


METHODS 

Criteria for eligibility. Patients of either sex, admitted 
to our hospital because of spontaneous angina, were 
considered for randomization if they were below 70 years 
of age and were responders to medical therapy not includ- 


ing beta blockers and antiplatelet agents. We considered — 


patients with spontaneous angina to be those found to 
have ischemic attacks at rest or angina at rest superim- 
posed on effort angina showing ST segment elevation or 
depression during the attacks. In all patients angina was 
diagnosed on the basis of typical chest pain, plus evidence 
of ischemia at Holter monitoring (Model 668, Del Mar 
Avionics, Irvine, Calif.). Complementary investigations 
were ECG recording and 201-thallium scintigraphy on 
exercise. 

Criteria for exclusion. Patients were excluded for the 
following reasons: (1) contraindications to heparin treat- 
ment (bleeding tendency, thrombocytopenia, known 
hypersensitivity to heparin); (2) previous myocardial 
infarction; (8) an ejection fraction below 45% (evaluated 
by 99-technetium radionuclide angiography) to rule out 
possible interference related to intraventricular thrombi; 
(4) severe poorly controlled hypertension (diastolic blood 
pressure above 110 mm Hg, Korotkoff phase V); (5) 
valvular or other heart disease requiring anticoagulant 
treatment; (6) presence of malignancies or other serious 
systemic illnesses that could jeopardize the prognosis in 
the following 5 years; (7) administrative difficulties (resi- 
dence geographically remote from our Hospital; unrelia- 
bility). 

Patients enrolled. Over a period of 20 months, a total of 
43 consecutive patients fulfilling the eligibility criteria 
were considered for enrollment. Seven patients were not 
asked to participate in the study because they did not 
reside in Florence or in the neighborhood and therefore 
could not undergo the periodic examination. Thirty-six 
patients were therefore interviewed and were asked to 
participate in the study. Thirty patients (23 men and 7 
women) accepted and were enrolled. Twenty-nine of 30 
patients underwent coronary angiography. Twenty-four 
patients (18 men and 6 women, aged 40 to 69 years) 
completed the study. Three patients (three men) sponta- 
neously left the study, two male patients required emer- 
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gency aortocoronary bypass grafting, 2 and 3 months, 
respectively, after enrollment, and one patient (female) 
moved to another town. All these six patients dropped out 
during the first 6-month period of the study. Therefore 
results concerning these patients were not considered. 
Study design. A completely randomized, single-blind 
controlled vs placebo study was planned for a 30-patient 
group according to a cross-over design. The study was 
planned so that patients were followed for at least 12 
months. Each patient underwent two consecutive 6-month 
periods of treatment with subcutaneous heparin or place- 
bo. Before discharge from the hospital, patients were 
required to adhere to the experimental protocol by giving 
their informed consent to the protocol rules. Afterward, 
the patients were randomly allocated to the initial treat- 
ment (heparin or placebo). Patients were requested every 
15 days to undergo examination at the hospital: On each 
periodic control visit patients were examined and were 
asked about their clinical condition in the previous 15 
days and about their nitrate intake. A 12-lead ECG 
recording was obtained and a blood sample was drawn for 
FPA assay. On the basis of the clinical and ECG findings 
at each examination, patients were assigned to one of the 
three following classes: class 0-when the patient remained 
symptom-free during the preceding 15 days and the ECG 
tracing was unmodified; class 1-if the patient had suffered 
from one to three isolated anginal attacks not in the same 
day, which did not cause changes in his usual life habits 
during the 15-day observation period or if an ECG 
obtained during the programmed examination showed 
changes due to myocardial ischemia (0.2 mV ST segment 
depression or elevation) as compared to previous ECG 
recordings; class 2-if the patient had suffered from four or 
more anginal attacks on different (even if not consecutive) 
days or repeated attacks on the same day. In the latter 
case the patient had been instructed to report immediate- 
ly to the hospital. If myocardial ischemia was diagnosed, a 
blood sample for FPA assay was withdrawn and the 
patient was adequately treated. This FPA value was used 
for statistical analysis instead of the value obtained at the 
next examination. The antianginal treatment was 
adjusted according to the clinical condition of the patient 
who remained on heparin or on placebo. Two different 
physicians cooperated in assessing the conditions of 
patients. The first physician performed a general exami- 
nation, recorded an ECG tracing, and collected the clinical 
data form filled out by the patient. The same physician 
took care of an early check of bone density during the 
period on heparin. The second physician, who did not 
examine the patient and did not know whether the patient 
was on heparin or not, evaluated the clinical data and 
ECG recording and assigned each patient to an activity 
class. This senior physician was also responsible for 
adjusting antianginal treatment. Neither physician knew 
the results of the previous FPA assay of the patients. For 
statistical purposes, the disease activity of the whole 
patient sample at each sequential observation, both dur- 
ing heparin and placebo periods, was expressed as an 
activity index as shown by the equation: Activity 
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index = (number of class 1'+ class 2 patients X 100)/total 


. number of patients. This index enables us to-express by a 
- single number the degree of disease activity of.the whole 
patient group at each individual sequential observation 


and therefore provides a means for evaluating the rela- ` 


tionship between disease activity one the average value of 
FPA at each observation. 
Medication. Patients were discharged from the hospital 


on the most appropriate dosage of the antianginal therapy _ 


to which they had been responders. Patients were request- - 


ed not to stop or change spontaneously the treatment 


‘throughout the study period. Each time angina worsened. 


‘and the patient shifted to a higher class, antianginal 


-therapy was appropriately modified in order to obtain the 
- best clinical control possible. According to the randomiza- 
-. tion design the patients were sequentially supplied with 


two preparations: one containing a placebo (0.9% saline) 


‘and’ the other containing calcium heparin, 12,500 LU. 
: (Calciparina, Italfarmaco, Milan, Italy). The patients were ` 
-requested.to perform the injection of calcium heparin in 
‘ ‘the morning at 8 A.M. and were instructed to inject the 
‘heparin alternatively in the abdominal wall and in the 


buttock subcutaneous tissue. Placebo was to be injected at 


the same day time intramuscularly in the buttock. This 


procedure, although implying two different routes of 


_ administration, enabled us to maintain the blindness of : 
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the patients, because they were not aware which of the two 
medications was the active one. 

Compliance to therapy and bone density check. Upon 
enrollment patients were informed that random checking 
of their adherence to therapy was planned. Compliance 
was assessed by assaying blood heparin in samples ran- 
domly drawn at the hospital surgery during the periodic 
examinations or drawn at home by a staff physician. 
Heparin plasma levels were assessed by chromogenic 
assay. A compliance surveillance program was designed so 
that each patient should undergo at least three checks 
both on and off heparin. In order to detect heparin effects 
on mineral bone density, this value was determined by an 
automatic device (Bonescan 2G-8500001, MIECS, Verona, 
Italy) before the beginning of the study, and 6 and 12 
months into the study. During heparin treatment, an 
additional control evaluation was performed at 2 
months. 

FPA assay. Blood was obtained from a clean venipunc- 
ture of an antecubital vein without venous stasis by the 
two-syringe method with a 19-gauge needle. The initial 5 
mal were discarded and 9 ml were aspirated by the second 
cold syringe containing 1 ml of anticoagulant solution 
supplied by the manufacturer of the kit used for the assay. 
Samples were placed on ice immediately and were centri- 
fuged within 1 hour at 3,000 g for 30 minutes at 4° C. 
Plasma was stored at —70° C and was assayed within 1 
month. FPA levels were measured by radioimmunoassay 
(with a kit purchased from Mallinckrodt, Inc., St Louis, 
Mo.) on plasma from which fibrinogen was completely 
removed by adsorption with bentonite, according to the 
method of Kockum and Frebelius,” using bentonite sup- 
plied with the kit. The detection limit was 0.2 ng/ml. The 
variation coefficients of intra-assay and interassay were 
5.3 and 8.1%, respectively. 

Statistical analysis. The results were analyzed accord- 
ing to the following statistical methods. Student’s £ test 
was used for independent data for comparison of FPA 


values found during heparin and placebo periods. Chi 


square test was used for the analysis of the distribution of 
observations in the various classes of activity. Linear 
regression analysis was employed for the relationship 
between the activity of disease (activity index) and mean 
FPA value at each sequential observation. Finally, Wil- 
coxon’s rank sum test was used for the evaluation of 
results obtained by bone densitometry. Data were pro- 
cessed by XT3 IBM PC computer (IBM Corp., Atlanta, 
Ga.) 


RESULTS 


Effect of heparin treatment on FPA plasma level. 
FPA plasma values recorded during the 6 months 
when patients were taking heparin were significant- 
ly and consistently lower than during the period on 
placebo (p < 0.001). On average, the mean cumu- 
lated values of FPA during therapy were 2.3 + 1.8 
ng/ml as compared to 4.1 + 3.7 ng/ml for the 6 
months on placebo. When FPA plasma concentra- 
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Fig. 3. Relationship between mean FPA plasma levels 
and anginal activity (expressed as activity index) of the 
patients as a whole at each sequential clinical examination 
during placebo and heparin treatment. This relationship 
was statistically significant only during placebo period 
(y = 5.1 x +18.3; r = 0.65, p < 0.05). 


tions found in the different angina activity classes 
were considered, they were significantly lower for all 
three classes of activity during heparin treatment 
than when patients were not taking heparin (Fig. 
1). 

Clinical pattern. The distribution of the patients in 
the different activity classes at randomization and 
at crossover of treatment is shown in Table I. Five 
hundred sixty-nine clinical observations of the 576 
theoretical foreseen were performed, thus indicating 
a.good adherence of the patients to the study 
protocol. During treatment with heparin, the pro- 
portion of observations in lower activity classes was 
significantly higher than during placebo injection 
(Table II). More precisely, the observations in the 
highest activity class (class 2) decreased from 28 
when the patients were taking placebo to 13 during 
heparin treatment (53% decrease), and those in 
class 1 decreased from 85 to 59 (80% decrease), 
whereas those in class 0 increased from 172 to 212 
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Table |. Distribution of patients in the different classes of 
activity at randomization and at crossover of treatment 





At randomization At crossover 








Placebo Heparin Placebo Heparin 
Class 0 6 7 39 9 
Class 1 4 3 2 3 


Class 2 2 2) 2 1 0 





(23% increase) (Table II). The percent distribution 
of the observations is shown in Fig. 2. During the 
placebo period, a significant positive correlation 
(r = 0.65, p < 0.05) existed between the average 
FPA plasma level and the activity of angina (ex- 
pressed as activity index) of the patients as a whole 
at each sequential clinical examination (Fig. 3). On 
the other hand, during heparin treatment no corre- 


lation could be found. The intake of antianginal- 


drugs was significantly higher during placebo peri- 
ods. 
Adherence to the therapy and side effects. Heparin 


was assayed in plasma obtained from each patient at . 


random on 6 of the 12 examinations during heparin 
treatment. Heparin was detected in 140 of 144 


. samples assayed (97%). During the placebo period, 


three blood samples were obtained at random from 
each patient in order to ascertain the adherence of 
patients to the preparation used as placebo. No 
heparin was detected in the 72 samples assayed. No 
major side effects requiring discontinuation of hepa- 
rin therapy were recorded. Two patients experi- 
enced transient itch and three developed small 
cutaneous infiltrates at the site of injection. Bone 
density checked by Bonescan failed to show any 
significant change during heparin treatment in com- 
parison with the placebo period (Table III). In 
particular, in no patient was a significant fall in bone 
density seen. 


DISCUSSION 


Heparin and FPA levels. Present results indicate 
that 6-month treatment with low-dose heparin is 
able to reduce FPA plasma levels and to favorably 
affect the clinical increase of spontaneous angina. 
FPA is a reliable index of actual thrombin genera- 
tion and fibrin formation in vivo," and its eleva- 
tion has been found to be associated with the acute 
phase of angina”*® and acute myocardial infarc- 
tion.” The lower FPA plasma levels seen during 
the treatment period in comparison to the control 
period indicate that the thrombin generation was 
lower or the acute phases of angina were less 
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Table il. Distribution of the number of observations in the _ 
different classes of. activity during the two treatment 
periods : i 





Piacebo Heparin Difference 
Class 0 172 212 +40 (+23%) 
Class 1 85 59 —26 (380%) 
Class 2 28 13 -15 (-58%) 





Chi square = 14.34; p < 0.001. 


frequent, or both. That heparin administration in 
low doses is able to control thrombin generation and 
fibrin formation is proved by the results of clinical 
trials on the prevention of postoperative thrombo- 
sis.!4 Thus the low values of FPA in plasma during 
low-dose heparin administration are.to be consid- 
ered due to a reduced thrombin generation. 
Heparin treatment and activity of angina. A finding ` 
of major clinical relevance arising from our results 
was the significant decrease in the activity of angina, 
i.e., in the number of episodes of angina during the. 
treatment period. This finding should be attentively 
discussed in order to exclude some possible causes 
other than the heparin treatment. First of all, we 
should ask whether antianginal therapy that all 
patients regularly assumed and/or the adjustment of 
therapy to the increase of acute episodes might have 
caused the differences in the degree of activity 
between the two periods of observation. This is not 
the case, because patients received larger amounts of 
antianginal drugs just during the period while they 
were not taking heparin. Another possible source of 
bias might be an inaccurate clinical evaluation of the 
patients. However, this possibility is very remote 
because the clinical evaluation of patients was per- 
formed independently by two experienced physi- 
cians. Moreover, the patients who lived in Florence 
or in its neighborhood were instructed to immedi- 
ately call the physicians of the hospital staff upon an 
increase in anginal activity. Thus it is very unlikely 
that the most serious episodes of angina were unrec- 
ognized. In this study the asymptomatic ischemic 
attacks were not recorded. However, this does not 
blunt the meaning of the reduction in frequency of 
symptomatic attacks, because a relationship 
between the number of symptomatic and asymp- 
tomatic attacks has been reported.” Similarly, it 
seems to be very improbable that the patients were 
more adherent to the antianginal therapy during the 
period of heparin treatment. The adherence of 
patients to anginal therapy, as well as to heparin 
treatment, was carefully controlled. Therefore, it 


` appears inconceivable that factors other than hepa- 
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Table Ill. Effect of heparin and placebo treatments on bone density (mg/cm?) 





Before heparin 2 months of heparin 


525.9 + 105.6 5814 + 112.2 


6 months of heparin 


531.9 + 109.4 





Before placebo 6 months of placebo 


530.7 + 109.9 524.9 + 105.8 





Wilcoxon’s rank sum test for paired data = ns. 


rin treatment might be responsible for the decrease 
of the acute episodes of spontaneous angina and for 
the lower activity of the disease during the period of 
heparin administration. Finally, it should be men- 
tioned that in this cross-over design no wash-out 
period existed. However, even if the possibility can 
not be ruled out that the heparin effect carries over 
into the placebo period, this could not have influ- 
enced in any way the results obtained, because it 


could only have resulted in a beneficial effect at the . 


beginning of the placebo period in the patients 
assigned to the heparin-placebo sequence. Heparin 
treatment was found to have a greater effect. upon 
the clustered anginal attacks (class 2 patients) than 
upon the occurrence of sporadic attacks (class 1 
patients), as indicated by the more pronounced 
decrease of observations in patients in class 2 than 
that observed in patients in class 1 (53% vs 30%). 
This finding medns that heparin treatment at our 
low doses does not have a direct antianginal effect 
‘but rather appears to be protective in some patients 
against the resurgence of angina by affecting some 
condition(s) (such as thrombin generation) able to 
favor the recurrence of angina. Finally, it has to be 
stressed that our study is different from that of 
Telford and Wilson,“ who used heparin in. anticoag- 
ulant dosages to prevent the occurrence of myocar- 
dial infarction in patients with an intermediate 
coronary syndrome admitted to the coronary care 
unit. l i i 
Pathophysiologic implications. Coronary vaso- 
spasm," inappropriate vasoconstrictor response to 
alpha-adrenergic stimulation,” and transient 
platelet aggregation” are all considered possible 
triggering factors of myocardial ischemia. However, 
nonocclusive thrombosis is presently considered to 
be the main mechanism of the occurrence of unsta- 
ble angina.* The decrease in the number of anginal 
episodes during heparin treatment demonstrates 
that thrombin generation plays a crucial role in the 
shifting of angina from episodic to frequent and 
recurrent attacks, i.e., in the conversion from chron- 
ic to acute angina. The mechanism(s) responsible for 
the increased thrombin generation in anginal 
patients remain unclear. Inflammatory lesions of the 
adventitia of atherosclerotic coronary arteries has 
been very frequently found in young patients” and 


in patients who died as a result of severe unstable 
angina.” The renewal of the inflammatory lesions . 
might be a factor initially responsible for the throm- 
bin generation induced by the activation of several 
cellular elements (monocytes, smooth muscle cells, 
fibroblasts) able to trigger blood clotting.” The 
increased thrombin generation, especially in the 
presence of a critical fixed coronary stenosis, may 


' induce: fibrin formation and platelet aggregation, 


thus causing and maintaining the recurrent anginal 
attacks such as in unstable angina. 
Feasibility of long-term subcutaneous heparin treat- 


ment. Long-term subcutaneous heparin treatment 


did not appear to remarkably disturb the patients, 


-as -demonstrated by the high adherence of the 


patients to the therapy. A problem for heparin 
treatment might be the development of osteoporo- 
sis. Evidence exists that the development of | 
osteoporosis is related both to the dose and the 
duration of heparin therapy.“ Heparin at the 
doses and for the duration used in this study did not 
significantly affect the development of osteoporosis, 
which has been frequently observed in long-term 
heparin administration.” However, in those series 
of patients, heparin was administered in higher dose 
(>15,000 units daily) and for a longer period (104 
weeks) than in our patients. 

Limitations of the present study. Our work presents 
some limitations that have to be considered. First, 
thé low number of patients investigated, which does 
not allow us to draw general conclusions. Thus this 
study has to be considered a pilot study. Another 
limiting condition is that the evaluation of angina 
was mainly based on the medical history. Recent 
studies*! ” have shown that the ischemic asymptom- 
atic myocardial attacks frequently occur in patients 
with less severe disease, such as those affected by 
stable effort angina. However, the defect of the 
evaluation based on the medical interview would 
concern almost exclusively those patients suffering 
from rare and sporadic episodes of angina, because 
patients with more frequent and severe anginal 
episodes were referred promptly to the hospital. On 
the other hand, as mentioned above, heparin treat- 
ment favorably influenced mainly patients with 
more frequent anginal attacks (class 2) than patients 
with sporadic attacks (class 1). Finally, we are aware 
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that the adherence of patients to this regimen and 
the possibility of treating them by the subcutaneous 
route for long periods have to be confirmed by 
large- scale studies. 
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Reduction in digitalis-associated postinfarction 


mortality with nadolol in conscious. dogs . 


Previously, we have demonstrated an increased incidence of lethal ischemic arrhythmias in 
postinfarction dogs with clinically observable serum digoxin concentrations, and a significant 
reduction in digitalis-related lethal ischemic arrhythmias after subacute left stellectomy. In the 
present study, the protective actions of acute beta-adrenoceptor blockade with nadolol, 1.0 
mg/kg administered intravenously immedlately preceding the induction of posterolateral 
myocardial ischemia, were assessed In conscious dogs with recent, small anterlor myocardial 
infarctions pretreated with digoxin, 0.0125 mg/kg/day intravenously, for 5 to 7 consecutive 

days (total n = 11). A cohort of postinfarction dogs pretreated with digoxin alone served as a 
control group (total n = 26). Pre vs postdigoxin electrophyslologic testing Indicated reductions in . 
myocardial refractoriness in ventricular noninfarct and infarct zones in both treatment groups, 
whereas the administration of nadolol tended to reverse the reductions in ventricular. __ 
refractoriness. Arrhythmia-related deaths In response to posterolateral myocardial ischemia were. 
reduced from 12 of 20 (60%) in the digoxin control group to 2 of 10 (20%) in the - . : 
digoxin + nadolol group (p = 0.039). Serum digoxin concentrations (1.29 + 0.14 ng/mi vs 


1.39 + 0.24 ng/ml), underlying anterior myocardial infarct size (6.9 + 1.5% vs 4.6 + 0.9% of left 
ventricle), and developing posterolateral myocardial infarct size (22.8 + 2.5% vs 17.5 + 3.6% of 
left ventricle) did not differ significantly between the digoxin and digoxin + nadolol groups. Acute 
beta-adrenoceptor blockade with nadolol appears to reduce digitalis-mediated ischemic 


postinfarction mortality, possibly because ofa salutary increase in ventricular refractoriness. (Am 


Heart J 1988; 115: 67.) 


Joseph J. Lynch, Ph. D., Jan M. Kiten, Ph.D., Paul T. Hoff, B. A, and 


Benedict R. Lucchesi, re D., M.D. Ann Arbor, Mich. 


The clinical use of digitalis in the setting of ischemic: 


myocardial injury, including the potential for digi- 
talis to exacerbate ischemic arrhythmias: and 
increase postinfarction mortality, remains contro- 
versial.” Previous experimental studies, predomi- 
nantly utilizing acute administrations and toxic 
doses of digitalis preparations, have demonstrated 


an enhanced myocardial sensitivity to the arrhyth- - 
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mogenic actions of digitalis in the presence of myo- 


- cardial ischemia,®*”° and /or infarction.®®"""“ A vari- 


ety of diverse experimental investigations, once 
again utilizing toxic cardiac glycoside dosing regi- 
mens to initiate ventricular arrhythmias, have iden- 


` tified an important interaction between the direct 


effects of digitalis and the sympathetic. nervous 
system in the genesis of arrhythmias.** The afore- 


‘mentioned experimental evaluations taken together 


suggest that a greater appreciation for and evalua- 
tion.of the potential interactions between digitalis 
and the activation of the sympathetic nervous sys- 
tem in the development and treatment of postin- 
farction arrhythmias may be warranted. 
Previously, this laboratory has described the iden- 
tification of postinfarction dogs at low risk for the 
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subsequent development of ischemia-related malig- 
nant ventricular arrhythmias via programmed ven- 
tricular stimulation testing. The “low-risk” con- 
scious postinfarction dog model has been used to 
demonstrate a significantly enhanced susceptibility 
toward the development of ischemia-related lethal 
ventricular arrhythmias in the presence of therapeu- 
tic serum concentrations of digoxin.” Recently, the 
interruption of sympathetic neural influences to the 
left ventricle via the surgical extirpation of the left 
stellate ganglion 5 to 7 days preceding acute poste- 
rolateral ischemia has been shown to be efficacious 
in reducing the incidence of lethal ventricular 
arrhythmias in conscious postinfarction dogs with 
therapeutic serum digoxin concentrations.” In the 
present study, the cardiac electrophysiologic effects 
and antiarrhythmic efficacy of acute beta-adrener- 
gic receptor blockade with nadolol are evaluated in 
conscious postinfarction dogs administered digoxin 
in a multiday dosing regimen to achieve therapeutic 
serum concentrations. 


METHODS 


Surgica! preparation. Detailed methods for the surgical 
preparation and instrumentation of dogs with anterior 
myocardial infarction have been described previously.” 
Briefly, male mongrel dogs (14 to 22 kg) were anesthetized 
with intravenous sodium pentobarbital, 30 mg/kg, and the 
lungs were ventilated with room air. The left external 
jugular vein was cannulated for subsequent drug adminis- 
tration. After a left-sided thoracotomy was performed, the 
left anterior descending coronary artery (LAD) was isolat- 
ed at the tip of the left atrial appendage, and the left 
circumflex coronary artery (LCX) was isolated approxi- 
mately 1 cm from its origin. Anterior ischemic injury was 
produced by occlusion of the LAD by means of a snare 
formed from a loop of silicone rubber tubing passed 
through a polyethylene cylinder, followed by restoration 
of LAD blood flow in the presence of a critical stenosis of 
silk ligature after a period of 2 hours. 

During the surgical preparation, an epicardial bipolar 
electrode (1 mm diameter silver posts, 3 mm electrode 
separation) was sutured to the left atrial appendage for 
pacing. A stainless-steel bipolar plunge electrode (6 mm 
length, 2 mm electrode separation) was sutured into the 
interventricular septum adjacent to the right ventricular 
outflow tract (RVOT) near the site of LAD occlusion for 
determination of the ventricular excitation threshold, 
ventricular refractory period, and for programmed ven- 
tricular stimulation. Two short (2 to 3 mm) stainless-steel 
bipolar electrodes were used for measurement of ventricu- 
lar activation times and for construction of ventricular 
strength-interval curves. One bipolar electrode was 
implanted into the distribution of the LAD immediately 
distal to the site of coronary occlusion (IZ, infarct zone), 
whereas the second bipolar electrode was implanted in the 
LCX distribution (NZ, noninjured, normal zone). Finally, 
the tip of a silver wire electrode was inserted through the 
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wall and into the lumen of the proximal LCX for sub- 
sequent application of electrical current to produce 
LCX intimal injury and ensuing posterolateral ischemia. 
Silver disc electrodes were implanted subcutaneously 
for ECG monitoring, surgical incisions were closed, and 
the animals were allowed to recover from the surgical 
anesthetic. 

Entry criteria and experimental protocol. Dogs were 
returned to the laboratory 4 to 5 days after anterior 
myocardial infarction. Electrophysiologic testing and pro- 
grammed ventricular stimulation were performed while 
the animals were conscious and resting comfortably in a 
sling. Only dogs that were not susceptible to the initiation 
of either nonsustained or sustained ventricular tachycar- 
dia (VT) at baseline programmed stimulation testing were 
evaluated in the present study. Previous work in this 
laboratory has demonstrated that postinfarction dogs that 
are not responsive to initiation of VT at baseline testing 
are at very “low risk” for development of lethal ventricular 
arrhythmias in response to the subsequent development 
of posterolateral ischemia (i.e., ischemia at a site remote 
from previous myocardial infarction).” 

Immediately after baseline electrophysiologic and pro- 
grammed stimulation testing, 11 dogs that were prepared 
for treatment with digoxin plus acute beta-adrenoceptor 
-blockade with nadolol (DIG + NAD group) began treat- 
ment with digoxin (0.0125 mg/kg/day intravenously [La- 
noxin, Burroughs Wellcome CO, Triangle Park, N.C.], 
administered in the afternoon as an infusion via the 
jugular vein) for 5 to 7 consecutive days (mean + SEM 
treatment duration 5.8 + 0.5 days). A previous investiga- 


_ tion has demonstrated this dosing regimen to achieve 


trough digoxin concentrations of approximately 1.0 to 1.6 
ng/ml after 4 days of treatment.” After the digoxin 
treatment period, DIG + NAD dogs were subjected to 
repeat electrophysiologic study and programmed ventric- 
ular stimulation in the conscious state. Immediately 
thereafter, DIG + NAD dogs (n = 10) were given 1.0 mg/ 
kg nadolol intravenously, followed 30 minutes later by a 
postnadolol electrophysiologic study and the initiation of 
electrical current to the LCX intimal surface (see below). 
It is noteworthly that a previous experimental study has 
estimated the duration of significant beta-adrenoceptor 
blockade with a 0.5 mg/kg intravenous dose of nadolol to 
be at.least 22 hours.” Separate studies in this laboratory 
determined the duration of a significant attenuation of the 
chronotropic response to intravenous isoproterenol in 
conscious dogs treated with 1.0 mg/kg intravenous nadolol 
to exceed 24 hours. 

In this report, the effect of DIG + NAD treatment on 
cardiac electrophysiologic parameters and ischemic post- 
infarction mortality are compared to the results obtained 
in a cohort of 26 postinfarction control dogs treated with 
digoxin alone (DIG). This cohort of DIG control animals is 
comprised of two separate groups of 14 and 12 digoxin- 
treated postinfarction dogs each, which have been 
described separately in previous reports.” The surgical 
preparation, entry criteria, animal mass (17.1 + 0.4 kg 
and 17.8 + 0.5 kg), duration of digoxin treatment (6.2 + 
0.5 and 6.5 + 0.3 days), and resulting serum digoxin 
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concentrations (1.47 + 0.19 and 1.23 + 0.14 ng/ml) do not 
differ between the two groups comprising the DIG control 
group or among the digoxin controls group and the 
DIG + NAD group.” * Repeat electrophysiologic study 
and programmed ventricular stimulation were performed 
in all DIG control dogs after digoxin treatment, after 
which electrical current to the LCX intimal surface was 
initiated in 20 DIG control dogs (see below). Technical 
failures associated with the induction of acute posterola- 
teral ischemia (fractured or improperly positioned LCX 
electrodes; n = 6 in DIG cohort and n = 1 in DIG + NAD 
group) account for the reduction in the number of animals 
developing posterolateral ischemia in the DIG and 
DIG + NAD groups. 

Electrophysiologic study and programmed ventricular 
stimulation. Animals were studied while they were con- 
scious and resting comfortably in a sling. ECG intervals 
and electrophysiologic parameters were determined 
immediately before programmed ventricular stimulation. 
ECG intervals, including a rate-corrected QT interval 
(QT, = QT in milliseconds/[R-R in seconds]*) were mea- 
sured in sinus rhythm. A paced QT interval was measured 
during atrial pacing at 2.5 Hz. RVOT excitation threshold 
and refractory period, measured during programmed 
stimulation, and NZ and IZ ventricular activation times 
were measured during 2.5 Hz atrial pacing. The RVOT 
excitation threshold was the minimum voltage required to 
produce a conducted ventricular impulse (V.) by means of 
a single ventricular extrastimulus (S,) and a 4 msec pulse 
duration delivered 300 msec after the R wave of the lead II 
ECG. The RVOT refractory period was the longest R-S, 
interval at which a 2 X RVOT threshold voltage stimulus 
of 4 msec pulse duration failed to elicit a V, response. NZ 
and IZ activation times, the intervals between the Q wave 
of the lead IJ ECG and the largest deflection of the local 
ventricular electrogram (Q-EG), were measured on a 
Tektronix model 5111 storage oscilloscope (Tektronix 
Inc., Portland, Ore.). 

NZ and IZ ventricular excitation thresholds, relative 
refractory period (RRP), and effective refractory period 
(ERP) were determined by the construction of ventricular 
strength-interval curves according to a modification of the 
method of Michelson et al., which has been described in 
detail previously.” Ventricular strength-interval curves 
were generated during 2.5 Hz atrial pacing in the con- 
scious dogs. The strength-interval curves were con- 
structed by the introduction of single ventricular extrasti- 
muli at alternately increasing current strengths and 
decreasing coupling intervals. During the generation of a 
curve, current strength for an extrastimulus was increased 
whenever a reduction in the coupling interval to the 
preceding complex was sufficient to render the tissue 
inexcitable. At each site, the excitation threshold was the 
minimum milliamperage required to elicit a V; response 
by means of an extrastimulus introduced at a coupling 
interval of 300 msec from the preceding complex. The 
ERP was the longest coupling interval that failed to elicit 
a V, response at a current strength of 4 mA, whereas the 
RRP was the longest coupling interval along the strength- 
interval curve at which the current required to evoke a V, 
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response increased above the diastolic excitation thresh- 
old by more than 0.025 mA for a 1 msec change in the 
coupling interval.” 

The pacing protocol for programmed ventricular stimu- 
lation was identical to that used by this laboratory in 
previous investigations.” Briefly, single (S.), double 
(S,S,), and triple (S.S;S,) premature ventricular extrasti- 
muli (4 msec pulse duration, 2x RVOT threshold voltage) 
were introduced into the interventicular septum near the 
RVOT during 2.5 Hz atrial pacing or sinus rhythm. The 
basic (S,)-S, coupling interval was decreased from 350 
msec until (RVOT) refractoriness occurred, whereas the 
S,-S, and §,-S, coupling intervals ranged from 182 msec 
(5.5 Hz) to 125 msec (8.0 Hz). 

ischemia at a site remote from previous myocardial 
infarction: Left circumflex coronary artery intimal stimu- 
lation and injury. After the completion of post-treatment 
programmed ventricular stimulation and electrophysio- 
logic testing, an anodal direct current of 150 uA was 
applied to the intimal surface of the LCX via the previ- 
ously inserted silver wire electrode. The lead II ECG was 
recorded directly onto a Grass polygraph or was recorded 
at preset intervals by a programmable cardiocassette 
recorder. 

After completion of the experiment at 24 hours of 
electrical stimulation or after the development of lethal 
arrhythmias, the hearts wére excised and thrombus mass 
within the LCX was determined after removal by careful 
dissection. The heart was cut into 1 cm thick transverse 
sections that were incubated in 0.5% triphenyltetrazolium 
chloride in 0.01 mol/L phosphate buffer (pH 7.4). Reac- 
tion with triphenyltetrazolium forms a red precipitate in 
viable tissue, whereas infarcted tissue remains pale.”*% 
Infarct. size was quantitated gravimetrically and was 
expressed as a percentage of total left ventricle. 

Determination of serum ion and digoxin concentra- 
tions. Blood samples were obtained from all digoxin- 
treated animals immediately before postdigoxin treat- 
ment electrophysiologic and programmed stimulation 
testing. The blood samples were obtained by peripheral 
venipuncture approximately 16 hours after the pre- 
ceding administration of digoxin. Serum sodium and 
potassium concentrations were determined by flame 
photometry. Serum digoxin concentrations were deter- 
mined by means of radioimmunoassay technique in the 
Ligand Assay Laboratory of The University of Michigan 
Medical School, with the use of sheep antidigoxin antise- 
rum. 

Statistical analysis. Data are expressed as mean + 
SEM. Within the DIG control group, pre vs post- 
treatment comparisons were made by means of a two- 
tailed, paired Student’s ¢ test. Within the DIG + NAD 
group, comparisons among predigoxin, postdigoxin, and 
postnadolol values were made by means of a repeated- 
measures analysis of variance, followed by Dunnett’s test 
for multiple comparisons. Differences between the DIG 
and DIG+ NAD groups were analyzed by two-tailed, 
unpaired Student’s ¢ test or by Fisher’s exact test, when 
appropriate. For all comparisons, a p value of less than 
0.05 was the criterion for statistical significance. 
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Table |. Heart rate, ECG intervals, and electrophysiologic 
parameters for Digoxin control group 





Parameter* and Site Before After 
Sinus heart beat (bpm) ` 117 +4 113 + § 
PR interval (msec) 115 +3 117 +3 
QRS interval (msec) 59 +1 57 + If 
QT, interval (msec)/(sec)-* 286 + 4 265 + 4ł 
QT interval (msec) 198 + 4 187 + 28 ` 
Right ventricular outflow tract 

Threshold voltage (V) 2.0 + 0.2 2.4 + 0.2 
Ventricular refractory 158 + 3 132 + 4| 
period (msec) ‘ 
Noninfarct zone 
Excitation threshold (mA) 0.37 + 0.02 0.48 + 0.07 
Relative refractory period 165 +4 147 + 3f 

(msec) 

Effective refractory period 135 + 5 115 + 5f 

(msec) 

Activation time (msec) 15.2 + 1.6 16.2 + 2.0 
Infarct zone 

Excitation threshold (mA) 0.47+ 0.04 0.69 + 0.12 

Relative refractory period 177 +5 139 + 4] 

(msec) 

Effective refractory period 150 + 5 115 + 5|. 

(nsec) 

Activation time (msec) 19.6 + 1.8 17.6 + 1.6 





*Heart rate, ECG, and noninfarct zone parameters n = 24 to 28; infarct 
zone parameters n = 20, 

tp <0.05 compared to “before” value (Student’s paired ¢ test). 

tp < 0.001 compared to “before” value (Student’s paired ¢ test). 

$p < 0.01 compared to “before” value (Student’s paired £ test). ` 

lp < 0.001 compared to “before” value (Student’s paired £ test). 


RESULTS 


A total of 37 conscious postinfarction dogs were 
evaluated in the present study. All animals failed to 
respond to baseline programmed ventricular stimu- 
lation with either nonsustained or sustained VT in 
accordance with the entry criteria for this study. 
After baseline electrophysiologic testing, 26 control 
postinfarction animals (17.4 + 0.3 kg) were admin- 
istered 0.0125 mg/kg/day intravenous digoxin for 
6.5 + 0.3 consecutive days, followed by repeat elec- 
trophysiologic testing and the initiation of acute 
posterolateral ischemia at a site remote from previ- 


ous anterior infarction (DIG control group). Eleven ` 


postinfarction dogs (17.5 + 0.8 kg) were adminis- 
tered 0.0125 intravenous digoxin for 5.8 + 0.5 con- 
secutive days, followed by postdigoxin electrophysi- 
ologic study. Intravenous nadolol, 1.0 mg/kg, was 
then given to the latter 11 postinfarction dogs, 


followed by postnadolol electrophysiologic study ` 


and the initiation of acute posterolateral ischemia 
(DIG + NAD group). The. responses of the DIG 
control and DIG + NAD dogs to electrophysiologic 
testing and to the subsequent development of acute 
posterolateral ischemia are summarized below. 
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Response to programmed ventricular stimulation. All 
DIG control and DIG + NAD postinfarction dogs 
entered into the evaluation were nonresponsive to 
baseline programmed stimulation. At the time of 
postdigoxin repeat programmed ventricular stimu- 
lation testing, DIG control dogs had a serum digoxin 
concentration of 1.33 + 0.12 ng/ml (n = 26), where- 
as DIG + NAD dogs had a serum digoxin concentra- 
tion of 1.80 + 0.23 ng/ml (n = 11). Postdigoxin pro- 
grammed stimulation failed to initiate nonsustained 
or sustained ventricular tachycardia in 25 of 26 DIG 
dogs and in 11 of 11 DIG + NAD dogs. One DIG 
control dog responding to postdigoxin programmed 
stimulation with rapid VT degenerating into ven- 
tricular fibrillation possessed a relatively high serum 
digoxin concentration (2.69 ng/ml) and a very. large 
underlying anterior myocardial infarction (17.9% of 
left ventricle). The cumulative anterior myocardial 
infarct sizes for the two treatment groups at the time 
of postdigoxin electrophysiologic study and pro- 
grammed stimulation were (percent of left ventri- 
cle): DIG + NAD, 4.7+0.8%; DIG 7.5+1.3%; 
p= NS). 

Electrophysiologic responses. ECG and electro- 
physiologic parameters were determined at baseline 
testing and after digoxin treatment in DIG control 
dogs and DIG + NAD dogs, and after the acute 
intravenous administration of 1.0 mg/kg nadolol in 
DIG + NAD dogs. Tables I and II summarize the 
responses of the DIG and DIG + NAD groups to 
their treatments, respectively. 

The administration of digoxin to the cohort of 
DIG control dogs was characterized primarily by 
reductions in both the rate-corrected QT, and paced 
QT intervals, and by decreases in refractoriness 
determined in the normal NZ, “border zone” RVOT, 
and the IZ of the left ventricle. A previous evalua- 
tion of temporally matched, vehicle-treated postin- 
farction dogs has demonstrated that the observed 
reductions in ventricular refractoriness are attribut- 
able, at least in part, to electrophysiologic changes 
associated with infarct healing.” In contrast to the 
findings obtained in vehicle-treated animals, howev- 
er, the administration of digoxin to postinfarction 
animals is characterized by a relatively enhanced 
reduction in both RRP and ERP in the IZ compared 
to the NZ, such that reductions in the RRP and ERP 
in the IZ attain a higher degree of statistical signifi- 
cance and no marked differences between the NZ 
and IZ are observable for either RRP or ERP after 
digoxin treatment (Table I). 

The ECG and electrophysiologic consequences of 
digoxin administration to DIG + NAD postinfarc- 
tion dogs were similar to those observed in the DIG 
cohort (Table II). The decreases in QT, and paced 
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Table il. Heart rate, ECG intervals, and electrophysioclogic parameters for Digoxin + Nadolol group 











Parameter* and Site Before After digoxin After nadolol 

Sinus heart rate (bpm) ` -130 +8 115 9 94 + OF, 
PR interval (msec) 109 +3 115 +4 182 + 47,t 
QRS interval (msec) 57 +1 58 +1 59 +1 
QT, interval (msec)/(sec)~* 293 +7 261 + 5ł 257 + 8t 
QT interval (msec) 192 +6 187 +7 196 +7 
Right ventricular outflow tract 

Threshold voltage (V) 2.3 + 3.2 3.2 + O.2F — 

Ventricular refractory period (msec) 155 +7 126 + 8] — 
Noninfarct zone 

Excitation threshold (mA) 0.40 + 0.03 0.69 + 0.19 0.71 + 0.24 

Relative refractory period (msec) 163 +6 149 + 4] 157 + 5 

Effective refractory period (msec) 133 + 5 116 +7 121 + 8 

Activation time (msec) 5.4 + 1.1 7.9 + 1.7 9.1 + 2.1 
Infarct zone 

Excitation threshold (mA) 0.81 + 0.29 L1+ 03 1.1 + 0.3 

Relative refractory period (msec) 171 +9 149 + 6f 159 +6 

Effective refractory period (msec) 146 + 8 114 + 8f 121 + 8t 

Activation time (msec) 9.7 + 2.4 11.4 + 18 14.2 + 2.8 








*Heart rate, ECG, right ventricular outflow tract, and noninfarct zone parameters n = 11; infarct zone parameters n = 10. 


tp <0.01 compared to “before” value (Dunnetts test). 
{p <0.05 compared to postdigoxin value (Dunnetts test). 
$p < 0.01 compared to postdigoxin value (Dunnetts test). 
lp < 0.05 compared to “before” value (Dunnetts test). 


Table ll. Response to ischemia at a site remote from previous infarction 








Parameter 





Serum digoxin concentration (ng/ml) 

Duration of digoxin treatment (days) 

Time to posterolateral ischemia (min) 

A Heart rate with ischemia (percentage of preischemic rate) 

Myocardial infarct. size (percentage of total left ventricle) 
Anterior infarction 
Posterolateral infarction 

LCX thrombus mass (mg) 

24-Hour mortality rate 


Digoxin + nadolol 


Digoxin (n = 20) (n = 10) 
1.29 + 0.14 1.39 + 0.24 
6.2 + 0.4 5.8 + 0.5 
352 + 40 287 + 53 
2545 19 + 10 
6.9 + 1.5 4.6 + 0.9 
22.8 + 2.5 17.4 + 3.6 
14 +3 30 12 


12/20 (60%) 2/10 (20% )* 








*p = 0.039 comparing mortality for digoxin + nadolol group vs digoxin group. 


QT intervals, RVOT refractory period, and RRPs 
and ERPs in the NZ and IZ were quantitatively 
similar between the DIG + NAD and DIG groups, 
although the changes observed in the former group 
achieved a lower degree of statistical significance- 
because of the lower sample size. The subsequent 
administration of nadolol to digoxin-treated postin- 
farction dogs resulted in a significant reduction in 
sinus heart rate and a prolongation in the PR 
interval. Administration of nadolol also partially 
reversed the decreases in the RRPs and ERPs of the 
NZ and IZ observed after treatment with digoxin 
(Table ID. 

Response to ischemia at a site remote from previous 
myocardial infarction. An anodal current of 150 vA 
was applied to the intimal surface of the proximal 


LCX in 20 DIG and 10 DIG + NAD postinfarction 
dogs immediately after postdigoxin and postnadolol 
repeat electrophysiologic studies, respectively. LCX 
intimal stimulation resulted in intimal injury, 
thrombus formation, and the ensuing development 
of posterolateral ischemia in the 20 DIG and 10 
DIG + NAD dogs evaluated. Technical failures asso- 
ciated with the placement of the LCX stimulating 


electrode (see Methods) account for the reduction in 


the r value for the treatment groups evaluated in the 
present phase of the study. At the initiation of 
intimal stimultion of the LCX, the serum digoxin 
concentrations in the 20 DIG and 10 DIG + NAD 
postinfarction dogs were 1.29 + 0.14 ng/ml and 
1.39 + 0.24 ng/ml (p = NS), respectively. Serum 
potassium and sodium concentrations for the 
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Fig. 1. Mortality rates for digoxin- and digoxin + nadolol-pretreated postinfarction dogs after develop- 
ment of posterolateral myocardial ischemia subsequent to LCX i injury and thrombosis. 
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Fig. 2. Cumulative mortality rates for postinfarction dogs pretreated with digoxin, digoxin +-nadolol, 
vehicle,” and digoxin in presence of subacute left stellate ganglion apne in response to development 


of posterolateral myocardial ischemia and infarction. 


DIG + NAD dogs were 4.02 + 0.02 and 119.5 + 2.8 
mEq/L, respectively, and are. similar to values 
reported previously for digoxin-treated postinfarc- 
tion dogs.” #4 


The responses of DIG and DIG + NAD animals to. 


.the development of posterolateral ischemia at a site 
remote from previous myocardial infarction are 


summarized in Table II]. The durations of LCX ` 
intimal stimulation required for ECG manifestation ` 


of posterolateral ischemia, the increases in heart 
rate observed at the onset of posterolateral ischemia, 
and the sizes of underlying anterior myocardial 
infarctions did not differ between the DIG and 
DIG + NAD groups. The 24-hour ischemic postin- 
farction mortality rate was reduced significantly 


from 12 of 20 (60%) in the DIG control cohort to 2 of 


- ‘10 (20%) in the DIG + NAD group (p = 0.039). In . 


the DIG group, seven arrhythmia-related deaths 
were characterized as ventricular fibrillation occur- 
ring “suddenly” (i.e., within 60 minutes) after the 
development of acute posterolateral ischemia, 
whereas the remaining five DIG deaths were due to 
ECG-verified ventricular fibrillation occurring. dur- 
ing the “delayed” phase of automatic dysrhythmias .. 
that developed hours after the onset of acute poste- 
rolateral ischemia. The two arrhythmic deaths in the 


` DIG + NAD group were due to ventricular fibrilla- 


tion developing suddenly after the onset of postero- 
lateral ischemia. Fig. 1 graphically depicts postin- 
farction mortality as a function of the duration of 
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posterolateral ischemia for the DIG and 
DIG + NAD dogs in the present study. Fig. 2 com- 
pares the ischemic postinfarction mortality rates for 
DIG and DIG + NAD dogs in the present study to 
the ischemic mortality rates for postinfarction dogs 
treated with vehicle alone” or with digoxin in the 
presence of left stellate ganglion ablation. The 
reduction in the ischemic postinfarction mortality 
rate attained in the DIG + NAD group relative to 
the DIG cohort is similar to those observed in the 
vehicle-treatment and digoxin + stellectomy groups 
reported previously.” 7! 

Posterolateral myocardial infarct sizes deter- 
mined in “delayed” arrhythmic deaths and in 24- 
hour survivors did not differ significantly between 
the DIG and DIG + NAD groups (22.8 + 2.5 and 
17.4 + 3.6% of left ventricle, respectively), suggest- 
ing that the enhanced ischemic postinfarction sur- 
' vival observed in the DIG + NAD group was not 
due to a significant reduction in the severity of the 
posterolateral ischemic insult. Posterolateral myo- 
cardial infarct sizes could not be determined in 
animals developing “sudden” ventricular fibrillation 
in response to acute posterolateral ischemia because 
of the lack of time available for the development of 
histochemical or morphologic evidence of cell death 
and tissue necrosis in the ischemic area.” All DIG 
and DIG + NAD animals surviving 24 hours of 
ischemia in the LCX distribution developed second- 
ary posterolateral myocardial infarctions and dis- 
played a near 100% frequency of ventricular ectopic 
complexes, but were otherwise stable. The mass of 
thrombus recovered at the site of LCX intimal 
injury in all dogs who died of arrhythmia and in 
survivors tended to be greater in DIG + NAD vs 
DIG animals, probably reflecting the enhanced 24- 
hour survival noted in the DIG + NAD group, allow- 
ing for a longer time for thrombus formation (Table 
Til). 


DISCUSSION 


Despite their long-standing use in the inotropic 
support of the failing heart, the administration of 
cardiac glycosides in the setting of ischemic myocar- 
dial injury, and in particular their potential to 
exacerbate arrhythmias and increase postinfarction 
mortality, is controversial.'’ It is well established 
that the direct pharmacologic actions of cardiac 
glycosides include, in addition to cardiotonic activi- 
ty, the facilitation of transient inward ionic currents 
and the formation of delayed afterdepolarizations 
and “triggered activity”~type arrhythmias,*”’ as 
well as a partially direct coronary vasoconstrictor 
activity” that might contribute to a worsening of 
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ischemic injury and arrhythmia. Numerous experi- 
mental evaluations have demonstrated significant 
reductions in the intravenous and/or intracoronary 
lethal’ and arrhythmogenic’? threshold dos- 
ages for digitalis preparations during acute myocar- 
dial ischemia and after myocardial infarction in 
vivo. The clinical relevance of the latter findings has 
been questioned, however, because of the use of 
acute and rapid administrations of clearly supra- 
therapeutic and toxic concentrations of digitalis 
preparations in assessing myocardial sensitivity in 
the setting of ischemic myocardial injury. Recently, 
Hariman et al,” using microelectrode recording 
techniques in canine ischemic Purkinje fibers 
removed from i1-day-old myocardial infarctions, 
demonstrated an increase in the magnitude of 
delayed afterdepolarizations and a sustainment of 
“triggered activity”’—type arrhythmias in ischemic 
preparations exposed to the cardiac glycoside oua- 
bain at a concentration that caused no toxic effect in 
normal preparations. Lukas and Ferrier, who also 
used microelectrode recordings from canine isolated 
Purkinje fiber preparations, have reported that the 
“reperfusion” of the preparations after exposure to 
an “ischemic” buffer solution results in a potentia- 
tion of oscillatory afterpotential-induced arrhyth- 


` mias in the presence of a subthreshold concentration 


of the cardiac glycoside acetylstrophanthidin. The 
latter in vitro studies support the concept of an 
enhancement of myocardial sensitivity toward the 


arrhythmogenic effects of cardiac glycosides in the 


setting of ischemic injury. 

The findings of numerous experimental studies 
indicate that many of the cardiovascular effects of 
the cardiac glycosides, including effects on cardiac 
conduction and, in part, coronary vasoconstriction, 
are modulated or affected by the autonomic nervous 
system.15 1631-33 A variety of experimental observa- 
tions have been cited as evidence for an interaction 
between direct drug effects and an activation of the 
sympathetic nervous system in the genesis of digital- 
is-induced arrhythmias.'*"**! These observations 
include: (1) an increase in sympathetic nerve fiber 
activity to the heart in the presence of arrhythmo- 
genic concentrations of cardiac glycosides***’; (2) an 
attenuation of digitalis-induced arrhythmias and/or 
an increase in the arrhythmogenic threshold dosage 
of digitalis after cardiac denervation® * or spinal 
cord/central nervous system transections™ 48 and 
(8) a reduction in the electrical threshold for hypo- 
thalamic stimulation to cause arrhythmias in the 
presence of the cardiac glycoside ouabain.“ Recently, 
Hewett and Rosen? evaluated the interaction þe- 
tween the direct electrophysiologic effects of cardiac 
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glycosides and adrenergic receptor stimulation in 
canine isolated Purkinje fibers. In the in vitro cardiac 
muscle preparations, it was shown that beta-adreno- 
ceptor stimulation enhanced delayed afterdepolari- 
zation amplitude and triggered activity in the pres- 
ence of the cardiac glycoside ouabain, whereas 
alpha-adrenoceptor agonists and antagonists had no 
effect.” The latter findings suggest that the arrhyth- 
mogenic interaction between cardiac glycosides and 
sympathetic nervous system activity may be medi- 
ated primarily via beta-adrenergic receptor activa- 
tion. This mechanism may assume enhanced impor- 
tance in the setting of myocardial ischemia, during 
which increased neural sympathetic reflex activity“ 
and local catecholamine release** occur. . 
Recent investigations in this laboratory have 


focused on the effect of clinically relevant serum: 


digoxin concentrations, achieved by multiday intra- 
venous dosing regimens, on the frequency and sever- 
ity of experimental ischemic ventricular arrhyth- 
mias, and on developing myocardial infarction. In 
conscious dogs without previous myocardial infarc- 
tion, the development of acute posterolateral ische- 
mia in the presence of clinically observable serum 
digoxin concentrations resulted in the evolution of 


significantly larger posterolateral myocardial infarc- 


tions and the occurrence of postinfarction ventricu- 
lar ectopic activity that was less sensitive to suppres- 
sion with conventional antiarrhythmic therapy, as 
compared to control animals that had not received 
digoxin pretreatment.* A previous report from this 
laboratory has described the identification of dogs in 


the subacute phase of anterior myocardial infarction . 


that are at low risk for subsequent development of 
ischemic ventricular fibrillation via programmed 
ventricular stimulation testing.“In this’ “low-risk” 
postinfarction dog preparation, the administration 
of digoxin for the achievement of clinically relevant 
serum concentrations has been associated with a 
relatively enhanced reduction in ventricular refrac- 
toriness in infarcted tissue and a significant increase 
in the rate of postinfarction arrhythmic mortality 
occurring in-response to posterolateral myocardial 
ischemia.” Subsequently, Nelson et al.” have dem- 
onstrated that an interruption in sympathetic neu- 
tal input to the ischemically injured left ventricle is 
effective in reducing the incidence of ischemic lethal 
ventricular arrhythmias in postinfarction dogs. In 
the latter study, the surgical extirpation of the left 


stellate ganglion in “low-risk” digitalized postinfarc- 


tion dogs 5 to 7 days before the development of 
acute posterolateral ischemia reduced the incidence 
of ischemic arrhythmic death from 60% in sham- 
stellectomized, digitalis-treated animals to 10% in 
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stellectomized, digitalis-treated animals.” The 
latter findings suggest that a modulation of the sym- 
pathetic nervous system might reduce the ische- 
mic postinfarction mortality rate in the pres- 
ence of clinically relevant serum digoxin concentra- 
tions. 

The results of the present investigation support 
and extend the concept that a modulation of the 
sympathetic nervous system may be efficacious in 
reducing the incidence of digitalis-associated ische- 
mic arrhythmic death. In the present study, the 
acute administration of nadolol immediately before 
the initiation of LCX stimulation to produce poste- 
rolateral ischemia (i.e. nadolol administered 
approximately 4 to 6 hours preceding posterolateral 
ischemia) in digoxin-treated postinfarction dogs sig- 
nificantly reduced the incidence of ischemic 
arrhythmic death relative to digoxin-treated dogs 
that had not received nadolol. As noted previously, 
electrophysiologic studies have demonstrated de- 
creases in NZ and IZ ventricular refractoriness with 
infarct healing and digitalis administration in the 
conscious postinfarction canine preparation.” The 
administration of digitalis in-a therapeutic dosing 
regimen tends to enhance the decrease in refractori- 
ness preferentially in the IZ.” In general, a decrease 
in ventricular refractoriness is thought to favor the 
initiation or perpetuation of reentrant arrhythmias 
by virtue of the establishment of more stable reen- 
trant circuits with functionally shorter wave- 
lengths.” In contrast, the prolongation of ventricu- 
lar refractoriness is considéred a salutary, potential- 
ly antiarrhythmic effect in that a slowing or termi- 
nation of reentrant arrhythmias may result from a 
lengthening of the wavelength of a reentrant cir- 
cuit.* In the present study, the acute administration 
of nadolol to digitalis-treated postinfarction dogs 
resulted in a partial reversal of the observed 
decreases in the ventricular refractoriness of the NZ 
and IZ. The design of this study does not permit a 
clear determination of whether the effect of nadolol 
on ventricular refractoriness was a direct effect of 
the drug or secondary to a blunting of a digitalis- 
enhanced cardiac sympathetic neural tone. Previous 
studies have indicated that nadolol possesses mini- 
mal direct membrane effects," although a more 
recent study suggests that it may prolong ventricu- 
lar refractoriness via a class III electrophysiologic 
mechanism.” Regardless of the mechanism, an 
increase in ventricular myocardial refractoriness 
with nadolol may have conferred, at least in part, 
some degree of antiarrhythmic protection in this 
paradigm. 

It may not be precluded that the protection 
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against ischemic postinfarction mortality observed 
with nadolol in the present study may have been due 
to some salutary drug action unrelated to the pres- 
ence of digitalis. Previous experimental antiarrhyth- 
mic evaluations have shown nadolol to be effective 
in suppressing ischemic ventricular arrhyth- 
mias,®° 5:53 presumably by virtue of its beta-adreno- 
ceptor—blocking activity. Conversely, it has been 
reported to be relatively ineffective in suppressing 
existing digoxin-induced arrhythmias in dogs.” It 
must be kept in mind, however, that the present 
“low-risk” postinfarction dog model possesses an 
inherently low rate of ischemic postinfarction death 
in the absence of digitalis, indicating at least a 
functional interaction between digoxin and nadolol 
in this preparation. Although it may be hypothe- 
sized that nadolol may have reduced ischemic post- 
infarction mortality in this study via a lessening in 
the severity of the ischemic myocardial insult, the 
lack of a significant difference between the sizes of 
developing posterolateral myocardial infarctions in 
“delayed” deaths and survivors in the DIG- and 
DIG + NAD-treated groups provides indirect evi- 
dence for similar degrees of ischemic insult. Finally, 
the conscious postinfarction dog model used in the 
present study, in which posterolateral ischemia is 
produced by electrical injury to the LCX and is 
followed by the occurrence of sudden lethal arrhyth- 
mias in a significant subset of animals, is not 
amenable to a controlled evaluation of the effect of 
nadolol treatment on regional myocardial blood 
flow. However, a salutary effect of nadolol on ische- 
mic blood flow might have been reflected, although 
not necessarily so, in a reduction in developing 
posterolateral myocardial infarct size. Regarding the 
potential effects of beta-adrenoceptor blockade on 
coronary blood flow in the present investigation, it is 
noteworthy that previous investigations have deter- 
mined the neurogenic coronary vasoconstrictor 
effects of digitalis, in the absence and presence of 
myocardial ischemia, to be mediated primarily via 
alpha-adrenoceptor activation. In contrast, pre- 
treatment with the beta-adrenoceptor antagonist 
propranolol has been shown to protect against the 
direct vasoconstrictor actions of the cardiac glyco- 
side ouabain and to reduce ensuing arrhythmias and 
cardiotoxicity in guinea pig isolated perfused 
hearts. 

In summary, acute beta-adrenoceptor blockade 
with nadolol appears to be effective in reducing 
ischemic arrhythmic mortality in postinfarction 
dogs with clinically relevant serum digoxin concen- 
trations. A salutary increase in ventricular myocar- 
dial refractoriness may underlie, at least in part, the 
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protective effects of nadolol in this setting. These 
findings support the concept that a modulation of 
sympathetic nervous system activity may be effec- 
tive in reducing digitalis-associated ischemic postin- 
farction mortality. 
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Left ventricular function in ischemic mitral 
regurgitation-A precatheterization assessment 


The clinical characteristics of 150 patients with unstable ischemic heart disease were evaluated 
for the ability to diagnose mitral regurgitation (MR). A careful assessment of physical findings, 
ECG- and radionuclide-determined global and regional left ventricular function was performed in 
all patients to characterize the population with ischemic MR. Twenty-nine patients were found to 
have MR and in 65% the degree of MR was 2+ or more. All of the patients with significant MR 
had a systolic murmur on physical examination, and although this finding was 90% sensitive for 


MR it had a poor predictive value (42%). Even a characteristic apical holosystolic murmur, 
although specific for MR (90%), had a low sensitivity and predictive value. Two regional wall 
motion abnormalities (inferoposterior akinesis and apical dyskinesis with an ejection fraction 
35%) identified 26 of 29 patients with MR and all with 2+ or more MR, as well as the 10 
patients who required mitral valve replacement in addition to coronary artery bypass grafting. 
This finding was complementary to the results of physical examination and when used together 
improved the diagnostic accuracy of Identifying MR. The radionuclide regurgitant index was 
evaluated for its predictive value in assessing MR in this group of patients but was found to be a 
poor discriminator In patients with abnormal ejection fractions and regional wall motion 
abnormalities. The precatheterization assessment of left ventricular function with radionuclide 
anglography can provide important insight into the presence of ischemic MR. (Am Heart J 
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Warren M. Breisblatt, Manuel Cerqueira, Charlie K. Francis, Michael Plankey, 
Barry L. Zaret, and Harvey J. Berger. San Antonio, Texas, and New Haven, Conn. 


The diagnosis of mitral regurgitation (MR) in 


patients with coronary artery disease has important. 


consequences. Patients with MR resulting from 
coronary artery disease have a higher incidence of 
triple-vessel disease, congestive heart failure, reduc- 
tion in left ventricular function, and increased left 
ventricular end-diastolic pressure.*? Their operative 
mortality rate is higher than that of comparable 
groups of patients with coronary disease alone and is 
even higher if mitral valve replacement is needed in 
addition to coronary artery bypass grafting.! ?. 
Evaluation of patients with ischemic MR by phys- 
ical examination can be difficult and confusing. 
Since MR in coronary artery disease may be related 
to resultant papillary muscle dysfunction, the evalu- 
ation of global and regional left ventricular function 
may help in the assessment of patients with clinical- 
ly relevant MR.*’ One might predict that MR in 
ischemic heart disease may be associated with par- 
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ticular regional wall motion abnormalities that 
could be evaluated by radionuclide angiography. 
Count-based radionuclide methods have traditional- 
ly been used to determine the presence and degree of 
valvular regurgitation (regurgitant index), but the 
use of these methods has been questioned in 
patients with coronary artery disease and abnormal 
left ventricular function. The purpose of this 
study was to evaluate the clinical characteristics of 
patients with ischemic MR referred for cardiac 
catheterization. Careful assessment of physical and 
ECG findings and radionuclide assessment of left 
ventricular function were performed in all patients 
to characterize the population of patients with is- 


~- chemic MR. 


METHODS i 


Patients referred for cardiac catheterization with 
known ischemic heart disease and no previous history of 
valvular disease were evaluated for the presence of MR. A 
total of 150 patients were evaluated; all underwent radio- 
nuclide angiocardiography, 78% within 2 days of cardiac 
catheterization. Seventy-five percent of these patients 
were evaluated in the coronary care unit or post coronary 
care unit setting for unstable angina or myocardial infarc- 
tion. The remaining patients were referred to the radionu- 
clide laboratory as patients who had previously been 
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Table I. Patient population (N = 150) 


Clinical and laboratory data Value 
Sex 
Male 112 
Female 38 
Mean age 62 yr (range 34-80) 
Previous MI 
Transmural 52% 
Subendocardial 15% 
Coronary artery disease 
3-Vessel disease 102 (68%) 
2-Vessel disease 32 (21%) 
1-Vessel disease 16 (11%) 


Physical ‘examination 
Apical holosystolic murmur 
Suggestive systolic murmur 
ECG (predictive value for MR) 


26 (17/26 MR) 
36 (9/36 MR) 


Inferior wall MI 27% 
Anterior wall MI 30% 
Left bundle branch block 43% 
MR on cardiac 29 (19%) 

catheterization 

1+ 10 

2+ 10 

3+ ; : 7 

4+ 2 





MI = Myocardial infarction. 


unstable and whose physicians wanted a precatheteriza- 
tion assessment of left ventricular function. No interven- 
ing clinical event occurred between performance of radio- 
nuclide studies and cardiac catheterization. 

In the precatheterization assessment each patient was 
examined by two cardiologists who were blinded to the 
radionuclide data. The presence or absence of a systolic 
murmur was noted, as well as whether the murmur was 
characteristic of MR. A characteristic murmur was 
defined as an apical murmur that was holosystolic in 
character. Other systolic murmurs found during examina- 
tion were assessed as suggestive of MR. Pertinent historic 
data were reviewed, and 12-lead ECGs were evaluated in 
all patients. ECG evidence of transmural or nontransmu- 
ral myocardial infarction was defined as previously 
described." 

Right-sided catheterization was performed in 128 of 150 
patients (85%) with a flow-directed, balloon-tipped cath- 
eter (No. 7 French Swan-Ganz catheter, American 
Edwards Laboratories, Santa Ana, Calif.), and left ven- 
tricular end-diastolic pressure was recorded in all patients 
with a fluid-filled catheter system. Left ventriculography 
was performed in a standard 30-degree right anterior 
oblique projection at 30 frames/sec. Forty-five cubic cen- 
timeters of Renografin 76 (15 cc/sec) was injected through 
a No. 7 French pigtail catheter. MR was graded on a scale 
of 1+ to 4+ as described by Sellers et al? Postextrasys- 
tolic beats were excluded, and only normal beats were 
evaluated. The degree of MR was based on the consensus 
of two blinded angiographers. 
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Equilibrium radionuclide angiocardiography was per- 
formed at rest in all patients. After administration of 3.0 
mg stannous pyrophosphate, patients’ red blood cells were 
labeled with 25 to 30 mCi of technetium pertechnetate by 
the modified in vivo technique as described by Porter et 
al." A four-view study was performed in all patients with a 
mobile gamma camera (VIP 550, Technicare Corp., Cleve- 
land, Ohio; or LEM, Siemens Gammasonics Ine., Des 
Plaines, Ill.) equipped with a low-energy, all-purpose, 
parallel-hole collimator and interfaced to a dedicated mi- 
crocomputer (VIP 450 or MDSA’). The four-view study in- 
cluded the best septal view (left anterior oblique), anterior 
(best septal view —45 degrees), left lateral (best septal view 
+45 degrees), and left posterior oblique (left lateral view 
—30 degrees) projections. Both lateral views were obtained 
in the right-sided down decubitus position. Eighty percent 
of the patients were studied with the Technicare system 
and 20% with the Siemens LEM. Left ventricular ejection 
fraction was determined from the left anterior oblique view 
by means of threshold and second-derivative edge-detec- 
tion algorithms with a variable region of interest and 
periventricular backgrourid subtraction. A count density of 
200 counts/pixel was obtained over the left ventricular 
region of interest, with each view requiring approximately 8 
minutes. Regional wall motion was assessed as previously 
described by dividing the left ventricle into 12 segments 
and scoring regional wall motion on a scale ranging from 
dyskinetie to normal. Radionuclide interpretation was the 
consensus of two observers who were blinded to data from 
angiographic studies and physical examination. Our previ- 
ous work" and that of Freeman et al. support the use of at 
least a three-view radionuclide study to fully evaluate 
regional wall motion. Particularly in the evaluation of 
inferior and posterobasal wall motion abnormalities, a left 
lateral or left posterior oblique view is essential. 

Regurgitant index was determined by the stroke volume 
method as previously described by Nicod et al.? The 
end-diastolic and end-systolic frames were identified from 
the time-activity curve, and a background-corrected 


_ stroke volume was generated. Regions of interest for both 


the left and right ventricles were manually drawn around 
the stroke volume image. Careful attention was said to 
exclude right ventricular/right atrial and left ventricular/ 
left atrial overlap. Stroke volume counts were directly 
measured, allowing the regurgitant index to be directly 
calculated from the ratio of left-to-right ventricular stroke 
counts. This method correlates well with a fixed end- 
diastolic region of interest, as described by Rigo et al." or 
separate end-diastolic and end-systolic regions of interest, 
as described by Sorensen et al.” 

Statistical analyses. To assess factors that would be 
predictive of MR, a number of variables were evaluated. 
Varying gradations of global left ventricular function, 
degrees of regional wall motion abnormality, and results of 
physical examination were evaluated for their sensitivity 
(true positive [TP]/TP + [FN] false negative, specificity 
(true negative [TN]/TN + false positive [FP], and predic- 
tive value (TP/TP + FP) in predicting the presence of MR 
on angiography. The significance of individual variables in 
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- NO. OF PATIENTS IN EACH GROUP .. 


INFERIOR APICAL 
AKINESIS OYSKINESIS 
EF<35% 


(n=31) 
Ý {n-37) 
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- MM proven 
M) MURMUR PRESENT 
NO MURMUR 


APICAL NO ALL OTHER ` 
DYSKINESIS |= RWM - RWM 

EF>35% —  (n=40) ABNORMALITIES 

in (n=28) 


Fig. 1. Radionndlide evaluation of global and regional left ventricular finction correlated with findings 
on ' physical examination for predictive value in diagnosing MR. Of 29 patients with MR, findings of 
systolic murmur (M) and inferior akinesis or apical dyskinesis with ejection fraction (EF) <35% 
identified 26 of 29 with MR and all patients with =2+ MR. RWM, regional wall motion. ` 


predicting MR was evaluated by Chi-square analysis. 
Differences between groups of patients were eed by 
unpaired ¢ test. 


RESULTS 


Patient population. The aoe population consisted 
of 112 men and 38 women (mean age 62 years; range - 


34 to 80 years). All patients had known or suspected 
coronary artery. disease; 78 (52%) had a previous 
transmural myocardial infarction and 22 (15%) had 
a subendocardial myocardial infarction. Three-ves- 
sel disease was found in 102 patients (68%), two- 
vessel disease in 32 (21%), and enesvesse! disease in 
16 (11%) (Table 1). 

Cardiac catheterization. Based on Sonithast ventric- 
ulography, 29 patients were found to have MR. Ten 
patients had 1+ MR, 10 had.2+ MR, seven had 3+ 


MR, and two had 4+ MR. Of the 29 patients, 26 had - 


a murmur on physical examination and: three 
patients with no murmur had only 1+ MR. Hemo- 
dynamic findings on right-heart cardiac catheteriza- 
tion were not helpful in predicting MR. In patients 
' with MR, the pulmonary capillary wedge pressure or 


left ventricular end-diastolic pressure ranged from 6 
to 48 with a mean of 18 + 10. In patients without 
MR, pulmonary capillary wedge pressure ranges 
from 4 to 36 with a mean of 16 + 8. Twelve patients 
with MR had characteristic V waves on the pulmo- 
nary capillary wedge pressure tracing suggestive of 
MR, but this was also seen in 10 patients without 


Physical examination. Based on results of ausculta- 
tion, MR was suspected in 62 of 150 patients (Table 
I). Twenty-six had a characteristic apical holosys- 
tolic murmur, and 36 other systolic murmurs were 
assessed as suggestive of MR. The presence of a 
holosystolic murmur was not diagnostic of MR, 


- having only a 59% sensitivity but a 90% specificity. 


The presence of any systolic murmur on physical 
examination was highly sensitive for MR (90%) but 
had a specificity of 70% and a predictive value of © 
only 42%. 

ECG. ECGs were used to assess whether any ECG 
pattern correlated with MR. The predictive value of 
an inferior wall myocardial infarction on ECG was 
27% and for an anterior wall myocardial infarction 
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LV:RV STROKE VOLUME RATIO 





DEGREE OF REGURGITATION 


Fig. 2. Radionuclide determination ‘of LV: RV. stroke 


volume ratio (regurgitant index) in all patients with 
coronary disease and angiographic mitral valve regurgita- 


tion. Normal value for regurgitant index in patients with . 
coronary disease without MR in our laboratory was 1.20 + ` 


0.22. As degree of MR increases so does regurgitant index: 
Standard deviations for all measurements are shown. ' 


the value was 30%. The addition of „a systolic 
‘murmur to these ECG findings improved the predic- 


' tive value to 55% for an inferior wall myocardial _ 
` infarction and to 38% for-an anterior wall myocar- 
dial infarction. Interestingly, 43% of patients with a , 


_left bundle branch block on ECG (6 of 14) -had 
’ Radionuclide angiography. Radionuclide assess- 
ment of ventricular function was performed in all 
patients to assess whether any global or regional 
pattern of left ventricular function correlated with 
MR. Ejection fraction by itself was a poor predictor 
of MR, although in patients with lower ejection 
fractions (<35%), MR was more common. Two 


regional wall motion abnormalities (inferoposterior - 


akinesis and apical dyskinesis) were found to reli- 
ably identify patients with MR (specificity 85% and 


80%, respectively) (Fig. 1). Although they identifed ` 
26 of 29 patients with MR and all with more than or. ` 
. to coronary artery bypass grafting. — s 


equal to 2+-MR, it was not a sensitive or predictive 
indicator. Ejection fraction helped to subdivide the 
patients with apical dyskinesis, inasmuch as all of 


the patients with MR were found to have an ejection. . 


ay 


LV:RV STROKE VOLUME RATIO — 
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LV EJECTION FRACTION (%) . 


Fig. 3. Effect of ejection fraction on radionuclide deter- 
mination of regurgitant index (LV:RV stroke: volume 
ratio). in patients without MR. As ejection fraction 
decreases, regurgitant index increases making it a poor 
‘discriminator of MR in patients with abnormal left ven- 
tricular (LV) function. : . Sa nae 


fraction <35%. Hypokinesis of any regional seg- 


ment only occurred in two patients with MR and one 


`. patient had no wall motion abnormalities. These 


three patients had only 1+ MR. l _, 
When the radionuclide findings were correlated 
with the results of physical examination there was _ 
improved accuracy in diagnosing MR (Fig., 1).,- 
Inferoposterior akinesis was present in 31 patients. 
In 16 of these patients no systolic. murmur: was 


~ present and no patient had MR. Of the 15 patients 


who also had a systolic murmur, MR was found in ` 


' 18. This finding was highly specific (98%) and 


predictive (87%) for MR. In patients with apical 
dyskinesis with an ejection fraction <35% the pres- 


-- ence of a systolic murmur mildly increased the 
` accuracy of diagnosing MR (specificity 88% ). These 


two wall motion abnormalities coupled with a sys- 
tolic murmur: were 90% sensitive, 87% specific, and 
62% predictive for MR identifying 26 of 29 patients, 


- all patients with 2+ or more MR, and all 10 patients 


who. required mitral valve replacement in addition 


‘Regurgitant index. To ascertain whether radionu- 


- clide determination of regurgitant index accurately _ 
predicted patients with MR, the left ventricular/ 
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‘right ventricular (LV/RV) stroke volume ratio was- 
calculated in all patients. In patients with coronary . 


disease but without MR the normal value for regur- 


gitant index in our laboratory was 1.20 + 0.22. In ` 
patients with =2+ MR the LV/RV stroke volume © 
ratio (regurgitant index) (Fig. 2) appears to be a | 


valuable discriminator between normal subjects and 
patients with MR. It was difficult to separate 
patients with 1+ MR from normal subjects 
(1+ = 1.38 + 0.18); but patients with 2+ and more 
MR appeared to be: easily discriminated 
(2+ = 1.70 + 0.2; 3+=2.85+04; 4+=2.90+ 
0.36) based on this index. As the majority of patients 
with significant MR had depressed left ventricular 
function, we looked at the effect of ejection fraction 
on the regurgitant index. In patients without MR 
with left ventricular ejection fractions >50%, the 
LV/RV stroke volume index.was 1.22 + 0.12. As the 
left ventricular ejection fraction decreased (Fig. 3), 
the regurgitant index increased (left ventricular 


ejection fraction 35% to 49% = 1.42 + 0.4; left ven- ` 


tricular ejection fraction <35% = 1.98 + 0.6) in 

- these patients who had no evidence of MR. In 16 of 
the 19 patients with 2+ or more MR the regurgitant 
index was elevated, but all of these patients had 
ejection fractions <50%. Therefore, the regurgitant 
index was a poor discriminator of MR in patients 
with abnormal left ventricular function. The corre- 
lation between ejection fraction and the regurgitant 
index was —0.52. 


DISCUSSION 


Patients with ischemic heart disease with associ- 
ated MR form a high-risk clinical group. They have 
a higher incidence of triple-vessel disease and 
increased operative mortality if they need mitral 
valve replacement in addition to’ coronary artery 
bypass grafting.’* Although this group has been 


studied previously, the assessment of global and | 


regional left ventricular function has not been well 
characterized. 


A number of studies have demonstrated that MR. 


in coronary artery disease may be difficult to assess 
clinically. The murmur of papillary muscle dysfunc- 
tion may not be holosystolic in character and; in 
fact, may be ejection in nature or may vary in timing 
from early to late systole.*” Most studies agree that 
for the MR to be hemodynamically and angiograph- 
ically significant a murmur should be present on 


examination. All of our patients with clinical signif- 


icant MR met these criteria. 
The evaluation of left ventricular function. pro- 
vided insight into which patients might have a 


likelihood of MR. Since MR in coronary artery. 
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- disease is usually caused by papillary muscle dys- 


function, patients with regional wall motion abnor- 
malities involving the posterior and inferior wall ` 
might have posterior medial papillary muscle . 


_involvement with resulting MR. A number of inves- 


tigators have shown a high incidence of posteroinfer- 
ior myocardial infarction in patients with MR.” 
Shelburne et al.’ and Zeldis et al.’ found three-vessel 
disease in the majority of their patients with MR 
with an increased incidence of severe right coronary 
lesions. Similarly, a number of studies have shown 
that patients with left ventricular aneurysms and 
dilated left ventricles are frequently found to have 
MR.*7-© This abnormality could interfere with the 
functioning of the papillary muscles and the mitral 
valve apparatus. Apical dyskinesis and a dilated left 
ventricle could cause abnormal spatial relations with 
the resulting downward and lateral displacement of 
the papillary muscles causing misalignment of the 
mitral valve. Therefore, it was not surprising that 
these two regional wall motion abnormalities identi- 
fied 26 of 29 patients with MR, including all who 
had =>2+ MR and the 10 patients who underwent 
mitral valve replacement in addition to coronary 


` artery bypass grafting. Factoring in the presence of a 


systolic murmur and an ejection fraction <35% 


.. with apical dyskinesis improved the diagnostic accu- 
. racy of these findings. Although we have suggested 


an ischemic cause for our patients with MR, one 
cannot exclude other causes of MR. The preexis- 
tence of rheumatic disease or preexistent MR could 
significantly change the close association that we 


- report with these two regional wall motion abnor- 


malities. 

Count-based donid methods have been 
used 'to assess the presence and degree of valvular 
regurgitation by calculating the left-to-right ventric- 
ular regurgitant index.”™”? Although these methods 
appear to be of value in patients with valvular heart 
disease, they may not reliably predict regurgitation 
in patients with depressed left ventricular function 
or severe regional wall motion abnormalities as is 
commonly seen in coronary artery disease. In addi- 
tion, this technique may be fraught with problems as 
an enlarged left atrium may make the determination 
of the left ventricular stroke volume image and the 
left anterior oblique-determined ejection fraction 
difficult. Nicod et al. and Lam et al.* found the 
regurgitant index to be inaccurate in patients with 
ejection fractions less than 35%. We also found this 
index to be a poor predictor of MR in patients with 


- coronary artery disease and abnormal ejection frac- 


tions. 
One technique not assessed in the study that may 
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be valuable in evaluating patients with ischemic MR 


is two-dimensional echocardiography. In chronic . 


"MR the evaluation of left atrial and ventricular 
dilatation may be helpful, although the left atrium 
could be dilated as a result of left ventricular 
dysfunction or a poorly compliant left ventricle 


without MR being present. Two-dimensional echo- . 
cardiographic studies have shown abnormalities of 


both leaflet motion and systolic leaflet position in 
patients with clinical evidence of papillary muscle 
dysfunction, but this may not be a reliable find- 
ing.4-* Pulsed Doppler echocardiography has been 


shown to be very sensitive in identifying patients ~~ 


~- with rheumatic MR, but in patients with coro- 


_ nary artery disease where the regurgitant jet may be 
eccentric it may be more difficult to detect and 
quantitate MR. The increasing use of Doppler echo- 
cardiography and color flow mapping will improve 
the diagnostic accuracy of this technique and will 
probably provide the best noninvasive evaluation of 

_ischemic MR. 

Clinical implications. MR in acute. ischemic heart 
disease is a common finding occurring in approxi- 
mately 20% of patients. In 65% of our patients the 
degree of MR was 2+ or more, and 10 patients 
required mitral valve replacement in addition to 
coronary artery bypass grafting. All patients with 


significant MR had a systolic murmur on physical ` 


examination. Although the holosystolic murmur was 
very specific for MR, it had a very low sensitivity 
and predictive value. The evaluation of global and 
regional left ventricular function provided informa- 
` tion that was complimentary to the clinical exami- 
nation and identified two regional wall motion 
abnormalities that were common in patients with 
MR. These two wall motion abnormalities (infero- 
posterior akinesis and apical dyskinesis with an 
ejection fraction <35%) would support the notion 


that the mechanism of MR in coronary artery . 


disease is the result of papillary muscle dysfunction. 
The precatheterization assessment of left ventricu- 


lar function by radionuclide angiography can pro- - 


vide important clues to the presence of ischemic 
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risk of sudden death—life itself can 
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4 1/2-year effective control with Cordarone® 

(amiodarone HCl), despite correctable thyroid 

toxicity. Patient active and at work. 





Based on actual 
case histories. 











A 61-year-old salesman with a history of syncope 

and unresponsive to conventional antiarrhythmics. $ 
RESPONSE: 

3-year effective control despite correctable 
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procainamide. associated with refractory VT/ VF. 

RESPONSE: RESPONSE: 
2 1/2-year effective control with low, alternate- 4-year successful management with 
day Cordarone® (amiodarone HCl) maintenance Cordarone, 200 mg/day. Continues daily work 
dosage. Patient continues active ranching and and recreational activities. 


competitive riding. 


Living with a demanding For resistant, life-threatening: 
regimen ventricular arrhythmias 


* Necessarily high Cordarone loading dos- 
age may entail frequent side effects and 


potentially serious toxicity. However, most © 
adverse effects are ameliorated by subse- 

quent dose reduction, and a majority of . 

responders can be successfully managed amioda Cl TABLETS 
with low, once-daily maintenance dosage, rone H 200 mg 
often with significant reduction or total 


elimination of concomitant medication, 1 
and with minimal interference with pro- Ina class by itself 


ductive daily living. 


See important information on following page. 


Wyeth La 


boratories 
í í Philadelphia, PA 19101 


©1987, Wyeth Laboratories. 


Cordarone® (amiodarone HCI) Tablets 


Indications and Usage: Indicated only for treatment of these documented life-threatening recurrent ventricular 
arrhythmias, when they have not responded to documented adequate doses of other antiarrhythmics or when 
alternative agents could not be tolerated. recurrent ventricular fibrillation. recurrent hemodynamically 
unstable ventricular tachycardia 


Cordarone* should be used only by physicians familiar with and with access to use of all available modalities 
for treating recurrent life-threatening ventricular arrhythmias, and access to monitoring facilities including 
in-hospital and ambulatory continuous electrocardiographic monitoring and electrophysiologic techniques 
Because of the life-threatening nature of arrhythmias treated, potential interactions with Prior therapy. and 
potential exacerbation of arrhythmia, initiation of Cordarone therapy should be in the hospital 


Contraindications: Contraindicated in severe sinus-node dysfunction causing marked sinus bradycardia 
second- and third-degree atrioventricular block. and when episodes of bradycardia have caused syncope 
{except when used with a pacemaker) 


Warnings 


Cordarone™ is intended for use only in patients with the indicated life-threatening arrhythmias because its use 
accompanied by substantial toxicity. 

Cordarone® has several rnani fatal toxicities. the most important of which is pulmonary toxicity [interstitial 
pneumonitis /alveolitis) has resulted in clinically manifest disease at rates as high as 10-15% in some series 
of patients with ventricular arrhythmias given doses around 400 mg/day, and as abnormal diffusion capacity 
without symptoms in a much wiper percentage of patients. Pulmonary toxicity has been fatal about 10% of the 
time. Liver injury is common with Cordarone. but is usually mild and evidenced only by abnormal liver enzymes. 
Overt liver disease can occur, however. and has been fatal in a few cases. Like other antiarrhythmics, Cordarone 
can exacerbate the arrhythmia, e.g.. by making the arrhythmia less well tolerated or more difficult to reverse. 
This has occurred in 2-5% of patients in various series, and significant heart block or sinus bradycardia has 
been seen in 2-5%. All of these events should be manageable in the proper clinical setting in most cases. Al- 
though the frequency of such proarrhythmic events does not anpear greater with Cordarone than with many other 
agents used in this population, the effects are prolonged when 'y occur. 

Even in patients at high risk of arrhythmic death, in whom the toxicity of Cordarone is an acceptable risk. 
Cordarone poses major management problems that could be life-threatening in a population at risk of sudden 
death, so that every effort should be made to utilize alternative agents sirst. 

The difficulty of using Cordarone effectively and safely itself poses a significant risk to patients. Patients with the 
indicated arrhythmias must be hospitalized while the loading dose of Cordarone is given, and a response 
generally requires at least one week. usually two or more. Because absorption and elimination are variable, 
maintenance-dose selection is difficult. and it is not unusual to require dosage decrease or discontinuation of 
treatment. In a retrospective survey of 192 patients with ventricular tachyarrhythmias, 84 required dose 
reduction and 18 required at least temporary discontinuation because of adverse effects, and several series have 
reported 15-20% overall frequencies of discontinuation due to adverse reactions. The time at which a previously 
controlled life-threatening arrhythmia will recur after discontinuation or dose adjustment is unpredictable, 
ranging from weeks to months. The patient is obviously at great risk during this time and may need prolonged 
heepitaiizatian. Attempts to substitute other antiarrhythmic agents when Cordarone must be stopped will be made 
difficult by the gradually. but unpredictably. ing amiodarone body burden. A similar prob! xists when 
Cordarone is not effective: it still poses the risk of an interaction with whatever subsequent treatment is tried. 


PULMONARY TOXICITY: Cordarone® causes a syndrome of progressive dyspnea and cough with functional 
radiographic, gallium-scan, and patnalogical data showing a pulmonary interstitial process, sometimes called 
alveolitis. Frequency has generally been low. (2-7% in most published reports), but recent preliminary reports 
found 11-15% in patients treated for over a year on average and there is evidence of increasing frequency 
with time and/or daily or cumulative dose. Although the syndrome is usually reversible when Cordarone is 
discontinued, with or without steroid therapy. fatalities have occurred in about 10% of cases. Any new res- 
Diraratory symptom in a patient on Cordarone should suggest possibility of pulmonary toxicity and lead to 
Clinical and radiographic evaluation, with gallium-scan and pulmonary-function evaluation if needed. Par- 
ticular care should be taken not to presume such symptoms are related to cardiac tailure Again, diffusion 
cent appears to be the pulmonary-function test most likely to show abnormality Evidence of toxicity 
should lead, at a minimum, to dose reduction, and preferably to drug withdrawal to establish reversibility In 
some Cases, rechallenge at a lower dose has not resulted in return of toxicity 

Periodic chest X-rays and clinical evaluation (every 3-6 months) are recommended and baseline pulmonary- 
function tests, including diffusion capacity, should be obtained 


WORSENED ARRHYTHMIA. Cordarone* can cause serious exacerbation of the presenting arrhythmia, a risk 
that may be enhanced by presence of concomitant ananman Exacerbation has been reported in about 
2-5% in most series, and has included new ventricular fibrillation, incessant ventricular tachycardia 
increased resistance to cardioversion, and polymorphic ventricular tachycardia associated with QT pro- 
longation (Torsade de Pointes) 

In gedition:; Cordarone has caused symptomatic bradycardia or sinus arrest with suppression of escape toci 
in 2-4% 


LIVER INJURY: Elevations of hepatic enzyme levels are frequent in patients on Cordarone and in most cases 
are asymptomatic. If increase exceeds three times normal. or doubles in a patient with elevated baseline 
consider discontinuation of Cordarone or dosage reduction. In a few cases in which biopsy was done. his- 
tology resembled that of alcoholic hepatitis or cirrhosis. Hepatic failure has been a rare cause of death in 
patients on Cordarone 


Precautions: CORNEAL MICRODEPOSITS, IMPAIRMENT OF VISION 
Corneal microdeposits appear in most adults on Cordarone. They are usually discernible onl by slit-lamp 
examination, but give rise to symptoms such as visual halos or blurred vision in up to 10%. Corneal micro- 
deposits are reversible upon dose reduction or termination. Asymptomatic microdeposits are not a reason to 
reduce dose or discontinue 
PHOTOSENSITIVITY: Cordarone® has induced photosensitization in about 10%, some protection may be at- 
forded by sun-barrier creams or protective clothing. On long-term treatment, blue-gray discoloration of 
exposed skin may occur. Risk may be increased in patients with fair complexion or excessive sun exposure 
and may be related to cumulative dose and duration of therapy 
THYROID ABNORMALITIES: Cordarone® inhibits peripheral conversion of thyroxine (Ta) to triiodothyronine 
(Ts), sending to cause somewhat increased thyroxine levels and increased levels of inactive reverse T3. and 
somewhat decreased levels of Ta It also is a potential source of large amounts of inorganic iodine 
Cordarone® can cause hypothyroidism o- hyperthyroidism. Thyroid function should be monitored at baseline 
and periodically, particularly in any patient with history of thyroid nodules, goiter or other dysfunction 
Hypothyroidism has been reported in 2-4% in mast series but in 8- 10% in others and is probably best identi- 
fied by a finding of elevated TSH. Careful supplementation with thyroid hormone can eliminate this 
A more difficult problem is hyperthyroidism, best identified by a serum T3 of more than 200 mg/dL, presum- 
ably resulting trom an increased supply of iodine to an autonomous nodule or gland. occurring in 1-3% and 
porentan a reason tor discontinuing drug 

YPOTENSION POSTBYPASS: Rare occurrences of hypotension upon discontinuation of cardiopulmonary by- 
pass during open-heart surgery in patients on Cordarone have been reported 

ABORATORY TESTS: Elevations in liver enzymes (SGOT and SGPT) can occur. Regularly monitor liver en- 
zymes in patients on relatively high maintenance doses. With persistent significant elevations in liver 
enzymes or hepatomegaly. consider reducing maintenance dose or discontinuing 
Cordarone® alters the results of thyroid-tunction tests, causing increase in serum T, and serum reverse Ts and 
decline in serum Ts. Despite these biochemical changes. most patients remain clinically euthyroid 
DRUG INTERACTIONS Although only a small number of drug-drug interactions with Cordarone have been ex- 
plored formally. most of these have shown such an interaction. The potential for other interactions should be 
anticipated, particularly for drugs with potentially serious toxicity. such as other antiarrhythmics. If such 
drugs are needed. their dose should be reassessed and, where appropriate, plasma concentration measured 
In view of amiodarone’s long and variable half-life, potential for drug interactions exists not only with con- 
comitant medication but with drugs administered after discontinuing Cordarone 
Digitalis: Cordarone® in patients on digoxin regularly results in increase in serum digoxin that may reach 
toxic levels with resultant clinical toxicity. On initiation of Cordarone. need for digitalis therapy should be reviewed. 
and the dose reduced by approximately 50% or discontinued. lf digitalis is continued. serum levels should be closely 
Monitored and patients observed for clinical evidence of toxicity. These precautions probably should apply to 
digitoxin administration as well 
Anticoagulants: Potentiation of wartarin-type anticoagulant response is almost always seen in patients on 
Cordarone and can result in serious or fatal bleeding The dose of the anticoagulant should be reduced by one-third 
to one-half, and prothrombin times should be monitored closely 
Antiarrhythmic Agents Quinidine, procainamide. disopyramide and phenytoin have been used concurrently 
with Cordarone. There have been reports of increased steady-state levels of quinidine. procainamide and 
phenytoin during concomitant therapy with Cordarone. In general. any added antiarrhythmic should be initi- 
ated at a lower than usual dose with careful monitoring 
Combination of Cordarone with other antiarrhythmic therapy should generally be reserved tor patients with 
life-threatening ventricular arrhythmias who are incompletely responsive to a single agent or incompletely 
responsive to Cordarone. During transfer to Cordarone the dose levels of previously administered agents 
should be reduced by 30-50% several days after addition of Cordarone. when arrhythmia suppression should 
be beginning The continued need for the other antiarrhythmic agent should be reviewed after the effects of 
Cordarone have been established. and discontinuation ordinarily should be attempted. If the treatment is con- 
tinued. these patients should be particularly carefully monitored for adverse effects. especially conduction 
disturbances and exacerbation of tachyarrhythmias. as Cordarone ts continued In Cordarone patients who re 
quire additional antiarrhythmic therapy. the initial dose of such agents should be approximately half the usual 
recommended dose 
Cordarone® should be used with caution in patients on beta blockers or calcium antagonists because of pos 
sible potentiation of bradycardia. sinus arrest and AV block. 1f necessary, Cordarone can be continued after 
insertion of a pacemaker in patients with severe bradycardia or sinus arrest 


SUMMARY OF DRUG INTERACTIONS WITH CORDARONE 






































Concomitant Interaction Recommended Dose Reduction 
Drug Onset (days) Magnitude of Concomitant Drug 

Warfarin 3-4 Increases prothrombin time by 100% 41/3-1/2 

Digoxin 1 Increases serum concentration by 70° 11/2 

Quinidine Increases serum concentration by 33° +1/3-1/2 (or discontinue) 
Procainamide <7 Increases plasma concentration 41/3 (or discontinue) 


by 55%. NAPA” concentration by 33° 





"NAPA n-acetyl procainamide 






ELECTROLYTE DISTURBANCES. Since antiarrhythmic drugs may be ineffective or arrhythmogenic in patients 
with hypokalemia. correct any potassium or Magnesium deficiency before beginning Cordarone 


CARCINOGENESIS. MUTAGENESIS. IMPAIRMENT OF FERTILITY 
Cordarone® reduced fertility of male and female rats at 90 mg/kg/day (8 times highest recommenced human 
maintenance dose) 

Cordarone® caused a statistically significant, dose-related increase in incidence of thyroid tumors (follicular 
adenoma and/or carcinoma) in rats. Incidence of thyroid tumors was greater than control even at lowest 
Cordarone level tested, i.e., 5mg/kg/ day or approximately '% the highest recommended human maintenance 
ose, Muta enicity studies (Ames, micronucleus and lysogenic tests) with Cordarone were negative 


doses up to 100 mg Kai day (9 times maximum recommended maintenance dose) 
Cordarone* shoul 


fetus 

LABOR AND DELIVERY. It is not known whether the use of Cordarone during labor or delivery has any immedi. 
ate or delayed adverse effects 
NURSING MOTHERS. Cordarone* is excreted in human milk, Suggesting that breast-feeding could expose the 
fursing infant to a significant dose Nursing offspring of lactating rats administered Cordarone have been 
shown to be less viable and have reduced body-weight gains. Therefore. when Cordarone is indicated 
mothers should be advised to discontinue nursing 

PEDIATRIC USE: Safety and effectiveness of Cordarone in children have not been established 

Adverse Reactions: Adverse reactions have been very common in virtually all series of patients treated with 
Cordarone for ventricular arrhythmias and with relatively large doses (400 mg/day and above) they occurred 
in about three fourths of all patients, causing discontinuation in 7-18%. The most serious reactions are pul- 
Monary toxicity. exacerbation of arrhythmia, and rare serious liver injury (See WARNINGS), but other adverse 
effects constitute important problems. They are often reversible with dose reduction and virtually always 
reversible with cessation of drug Most adverse effects appear to become more frequent with continue: 
treatment beyond six months, although rates appear to remain relatively constant beyond one year The time 
and dose relationships of adverse effects are under continued study 
Neurologic problems are extremely common, occurring in 20-40% and include malaise and fatigue. tremor and 
involuntary movements, poor coordination and gait. and peripheral neuropathy: they are rarely a reason to 
stop therapy and may respond to dose reductions 
Gastrointestinal complaints, most commonly nausea, vomiting, constipation and anorexia, occur in about 25% 
but rarely require discontinuation. They commonly occur during high-dose administration (i.e . loading dose) 
and usually respond to dose reduction or divided doses 
Asymptomatic corneal microdeposits are present in virtually all adult patients who have been on drug for 
more than 6 months. Some patients develop eye symptoms of halos. photophobia, and dry eyes. Vision is 
rarely affected and drug discontinuation is rarely needed 
Dermatological adverse reactions occur in about 15% with photosensitivity being most common (about 10% 
Sunscreen and protection from sun exposure may be helpful, and drug discontinuation 1s not usually nec- 
essary. Prolonged exposure to Cordarone occasionally results ina blue-gray pigmentation, slowly and 
occasionally incompletely reversible on discontinuation of drug but of cosmetic importance only 
Cardiovascular adverse reactions, other than exacerbation of arrhythmias, include the uncommon occurrence 
of congestive heart failure (3%) and bradycardia. Bradycardia usually responds to dosage reduction but may 
require a pacemaker for control. CHF rarely requires discontinuation. Cardiac conduction abnormalities occur 
infrequently and are reversible on discontinuation 
The following side-effect rates are based on a retrospective study of 241 patients treated for 2-1,515 days 
mean 441.3 days) 

he following side effects were each reported in 10-33%: 
Gastrointestinal. Nausea and vomiting 
The following side effects were each reported in 4-9%: 
Dermatologic: Solar dermatitis/photosersitivity 
Neurologic. Malaise and fatigue. tremor/abnormal involuntary movements, lack of coordination, abnormal 
qa ataxia. dizziness, paresthesias 

astrointestinal: Constipation, anorexia 
Ophthalmologic: Visual disturbances 
Hepatic: Abnormal liver-function tests 
Respiratory. Pulmonary inflammation or fibrosis 
The following side effects were each reported in 1-3%: 
Thyroid. Hypothyroidism, hyperthyroidism 
Neurologic. Decreased libido. insomnia, headache. sleep disturbances 
Cardiovascular: Congestive heart tailure, cardiac arrhythmias, SA node dysfunction 
Gastrointestinal: Abdominal pain 
Hepatic: Nonspecitic hepatic disorders 
Other: Flushing, abnormal taste and smell, edema, abnormal salivation coagulation abnormalities 
The following side effects were each reported in less than 1%: 
Bije Sun a rash, spontaneous ecchymosis. alopecia, hypotension and cardiac conduction 
abnormalities 
Rare occurrences of hepatitis and cirrhosis have been reported Relationship of these events to Cordarone 
therapy has not been definitively established 
In surveys of almost 5,000 patients treated in open U.S. studies and in published reports of Cordarone 
treatment, adverse reactions most frequently requiring discontinuation included pulmonary infiltrates or 
fibrosis, paroxysmal ventricular tachycardia, congestive heart failure and elevation of liver enzymes. Other 
symptoms causing discontinuations less often included visual disturbances, solar dermatitis, blue skin dis- 
coloration. hyperthyroidism and hypothyroidism 


Overdosage: There have been 3 reported cases of overdose in which 3-8 grams were taken. There were no 
deaths or permanent sequeiae. Animal studies indicate Cordarone has a high oral LDso (>3,000 mg/kg). In 
addition to general supportive measures, patient's cardiac rhythm and blood pressure should be monitored, 
and if bradycardia ensues, a B-adrenergic agonist or a pacemaker may be used. Hypotension with inadequate 
tissue perfusion should be treated with positive inotropic and/or vasopressor agents. Neither Cordarone nor 
its metabolite is dialyzable 


Dosage and Administration 
BECAUSE OF THE UNIQUE PHARMACOKINETIC PROPERTIES. DIFFICULT DOSING SCHEDULE, AND SEVERITY OF 
THE SIDE EFFECTS IF PATIENTS ARE IMPROPERLY MONITORED, CORDARONE SHOULD BE ADMINISTERED ONLY 
BY PHYSICIANS EXPERIENCED IN TREATMENT OF LIFE-THREATENING ARRHYTHMIAS WHO ARE THOROUGHLY 
FAMILIAR WITH RISKS AND BENEFITS OF CORDARONE THERAPY, AND WHO HAVE ACCESS TO LABORATORY 
FACILITIES CAPABLE OF ADEQUATELY MONITORING EFFECTIVENESS AND SIDE EFFECTS OF TREATMENT To 
insure an arunas effect will be observed without waiting several months. loading doses are required 
A uniform, optimal dosage schedule for Cordarone has not been determined. Individual patient titration is 
suggested according to following guidelines 
For life-threatening ventricular arrhythmias, e.g.. ventricular fibrillation or hemodynamically unstable 
ventricular tachycardia. Close monitoring of the patients is indicated during loading phase, Particularly until 
risk of recurrent ventricular tachycardia or fibrillation has abated. Because of serious nature of the arrhyth- 
mia and lack of predictable time course of effect. loading should be performed in a hospital setting Loading 
doses of 800-1,600 mg/day are required for 1-3 weeks (occasionally longer) until initial therapeutic response 
occurs (Administration of Cordarone in divided doses with meals is suggested tor total daily doses of 1,000 
mg or higher, or when gastrointestinal intolerance occurs.) If side effects become excessive, dose should be 
reduced. Elimination of recurrence of ventricular fibrillation and tachycardia usually occurs within 1-3 weeks 
along with reduction in complex and total ventricular ectopic beats 
Upon ap Cordarone. attempt should be made to gradually discontinue prior antiarrhythmic drugs (see - 
section on “Drug Interactions”). When adequate arrhythmia control is achieved. or if side eftects become 
prominent, Cordarone dose should be reduced to 600-800 mg/day for one month and then to the maintenance 
dose, usually 400 mg/day (See “Clinical Pharmacology” —" Monitoring Effectiveness” in package insert) Some 
patients may require larger maintenance doses, up to 600 mg/day, and some can be controlled on lower 
doses. Cordarone® may be administered as a single daily dose, or in patients with severe gastrointestinal 
intolerance, as a b.i.d. dose. In each patient, the chronic maintenance dose should be determined according to 
antiarrhythmic effect as assessed by symptoms, Holter recordings. and/or programmed electrical stimulation 
and by patient tolerance. Plasma concentrations may be helpful in evaluating nonresponsiveness or unex- 
pecia lly severe toxicity. (See “Clinical Pharmacology” in package insert) 

he lowest effective dose should be used to prevent occurrence of side effects. in all instances. the physician must be 
guided by severity of individual patient's arrhythmia and response to therapy. When dosage adjustments are 
necessary. patient should be closely monitored for an extended period of time because of long and variable 
half-life of Cordarone and difficulty in predicting time required to attain new Steady-state leve! Dosage 
suggestions are summarized below 


Loading Dose (Daily) 
1-3 weeks 
800-1 600 mg 


Adjustment and Maintenance Dose (Daily) 





~1 month 
600-800 mg 


usual maintenance 
400 mg 


Ventricular 
Arrhythmias 








Consult full package insert before use 


How Supplied: 200 mg tablets. bottles of 60 and REDIPAK= cartons of 100 
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Arè 24 hours of ambulatory ECG monitoring 
necessary tor a pation? after infarction? 


. The. Beta-Blocker Heart Attack Trial was. ‘a raridomized clinical trial of propranolol versus jideabs 
in 3837 patients after myocardial infarction. A 24 hour ambulatory ECG was obtained before ` 
therapy in 3290 patients 2 to 21 days after myocardial. infarction. Sensitivity, specificity, positive 

-and negative predictive values, and prevalence were calculated for four definitions of ventricular 
arrhythmia with either total or sudden death (death in <1 hour of observed symptoms) as an ` 
endpoint. These indexes were ‘obtained using the first 1, 2, 4, 6, 12, and 24 hours-pius a random 


hour; a random daytime hour, and a random nighttime hour of the 24-hour ECG of 1336 placebo 

` patients. For both total death and sudden death, as the duration of monitoring increased, (1) 
prevalence increased, (2) sensitivity increased, (3) specificity decreased, (4) positive predictive 
value either changed very little or decreased, and (5) negative predictive value was high (>90%) 
and increased slightly. None of the 3 random hours offered anything beyond the first hour. The 
Beta-Blocker Heart Attack Trial data, which were based on an average follow-up of 25 months, 
show that as the number of hours of ambulatory monitoring-Increase, the percentages of patients 
identified at risk or not at risk (the ‘positive and negative predictive values) do not-change much. 
Twenty-four hours of monitoring does not appear to be the optimal time duration for deciding 
whether to treat annyihmies In patients atter Infarction. (Am Heart J 1988; 115:83.) 


Barry R. DNE M.D. Ph. D., Lawrence M. Teds M. D., and 
Edgar Lichstein, M.D., for the Beta-Blocker Heart Attack Trial Study a 


Houston; Texas, Bethesda, Md., and Brooklyn, N.Y. 


Ventricular arrhythmias occurring in patients who 
have suffered a myocardial infarction have been 
associated with increased mortality during a 1- to 
4-year follow-up.'* Various. definitions of ventricu- 
lar arrhythmias based on continuous ambulatory 
- ECG data have been suggested as predictors of both 
all-cause and sudden death. These studies were 
based on ambulatory ECG recordings ranging from 1 
‘to 24 hours. However, the relative usefulness of 


various durations of ambulatory monitoring as an 


aid to patient management still remains uncer- 


tain.” One major purpose of the ambulatory ECG . 
is to obtain information. early enough to allow’ 


intervention. It would be of obvious benefit both for 


From The University of Texas School of Public Health, BHAT Project 


Office, Clinical Trials Branch, National Heart Lung and Blood Institute, 
. National Institutes of Health, and'Maimonides Medical Center.. 
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patient conveniencé and economic considerations to 
obtain this information i in as brief a time as ee : 


` ble. 


The- purpose of this are was to examining the 
value of various durations of ambulatory ECG 
recordings with regard to assessing mortality risk in 
patients after infarction. This will be-accomplished 


-by using data collected as part of the Beta-blocker 


Heart Attack Trial (BHAT). and examing the sensi- 
tivity, specificity, positive and negative predictive 
values, and the prevalence of various selected 
arrhythmias based on different monitoring dura- 
tions. 
METHODS 

The BHAT was a multicenter, double- blind, random- 


ized, placebo-controlled clinical trial of propranolol in 


3837 men and women ketween the ages of 30.and 69 years, .. 
who had at least one confirmed myocardial infarction. The . 
patients were randomized into one of two groups (1916 to 
propranolol .and 1921 to placebo) and followed up for an 
average of 25 months. A detailed description of the BHAT 
has been reported elsewhere." 

Twenty-four hour ambulatory ECG data were collected 
from 1640 placebo group patients 5 to 21 days after 
infarction. A subgroup of-1336 patients was then selected 
from this group on the basis of having at least 23 readable 
hours out of 24 hours of ambulatory ECG monitoring. 
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All participants in the BHAT who had Holter monitor- 
ing had been off any previous beta-blocker for at least 72 

. hours before monitoring was started. They were then 
entered into the trial and randomly allocated to placebo or 


Table I. Baseline comparisons . 








Holt No Holt ; re g 
Variable (n a: 1 ae ie 0 propranolol after the Holter monitor was obtained. At the 
= time of. monitoring, 17.5% (234/1336) of the patients 
Males (%) 84.7 84.1 examined in the present study were receiving antiarrhyth- 
White (%) ` 88.4 89.1 mic therapy. 
Mean age (yr) 55.5 55.2 The 24-hour, two-channel, reel-to-reel Holter magnetic 
Mean systolic BP (mm 111.5 112.2 tapes were generated on Avionics Model No. 445 recorders 
T ee 3 3 and processed by the CardioData system, which is digital, 
He) a (mm (2. 72.8 - software based (the Worcester Polytechnic Institute algo- 
Mann heart sata Cond 756 16.1 rithm)” and capable of differentiating as many as 25 
Mean cholesterol 212.2 213.8 different ECG parameters involving rate and rhythm 
(mg/dl) . change. As ECG complexes were noted by the computer, 
Mean: weight (Kg) an operator verified the decision, thus providing human 
Men l 79.7 80.2 interaction with the computer. The CardioData system 
Women 66.2 67.3 analysis methodology has been validated” both for accu- 
Current smoker (%) 58.4 56.6 racy and precision for detection of ventricular premature 
Medical history (%) beats, (VPBs). An on-going quality control program 
pie MI (%) aoe ree involved the blinded analysis of a small number of hand- 
ypertengion . 2 counted tapes and reanalysis of selected BHAT tapes. 
Angina pectoris 38.0 - 36.0 > 3 ae 
Congesti Each of the 24-hour Holter recordings obtained on each 
ongestive heart 9.0 9.4 are z : ie 
failure : i patient was examined to see if any of the following 
Diabetes 48 11.5* arrhythmias were present: (1) VPBs >0/hr; (2) VPBs 
Taking propranolol or 72 7.0 =10/hr; (8) ventricular tachycardia or VPBs in pairs 


other beta-blocker 
In-hospital events occurring before randomization (%) 


(VT-PR); and (4) VPBs =10/hr or VT-PR or multiform 
ventricular complexes (OR-OR). These four definitions 


Atrial fibrillation 5.6 6.6 were chosen as examples of arrhythmias that are frequent- 

Congestive heart 16.8 14.6 ly, not so frequently, and only occasionally present in 
failure: ` patients after myocardial infarction. 

E (%) 23.1 23.3 For each definition of ventricular arrhythmia, five 

Use aaia 45.3 46.5 indexes were calculated for the Holter -subgroup with 
drug either sudden death or total death as the outcome vari- 

Medications used at time of randomization (%) able. The indexes were as follows: (1) prevalence = proba- 
Antiarthythmic 17.5 17.2 bility (arrhythmia present); (2) sensitivity = probability 
Anticoagulant 14.5 14.5 (arrhythmia present/patient died); (8) specificity = prob- 
Antiplatelet 7.0 69 ability (arrhythmia absent/patient lived); (4) positive 
Diuretic 18.0 16.6 predictive value = probability (patient died/arrhythmia 
Vasodilator 36.5 36.1 present); and (5) negative predictive value = probability 
Digitalis : 13.4 124 (patient survived/arrhythmia absent). Sudden death is 

ae ee (%) 17 on defined as cardiac death occurring within 1 hour of 
Anteriór 25.6 2.4 symptoms. The indexes were computed with the first 1, 2, 
Anterior and inferior 10.3 9.2 4, 6, 12; and 24 hours of the ambulatory ECG. They were 
Inferior 31.6 39.2 also computed with a random hour, a random daytime 
Nontransmural 22.8 22.8 hour (7:00 am to 10:00 pm), and a random nighttime hour 
Non-BHAT MI 9.8 8.4 (10:00 pm to 7:00 AM) of the 24-hour ECG. 

ECG abnormalities (%) l The indexes, together with the incidences of total 
Q-QS waves 66.5 68.3 deaths and sudden deaths in the BHAT Holter monitor 
ST depression 28.1 ae subgroup, were calculated based on a 25-month average 
Bore eit a ce follow-up period. Positive and negative predictive values 
Ventricular l 77 gT were obtained from life table analyses of each of the 

conduction defects arrhythmia definition groups. 
Atrioventricular 3.8 3.7 
conduction defects RESULTS 
Cardiomegaly (%) 32.9 37.7* To determine whether the placebo group with 





BP = blood pressure, MI = myocardial infarction. 
*Proportions in the two groups are significantly different; p < 0.05. 


Holter monitoring was representative of the total 
BHAT population, baseline comparisons were per- 
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Fig. 1. The fréquency and cumulative distribution of Holter monitors performed per dey. versus days - 
after myocardial infarction in the BHAT subgroup of 1336 pr pafienis with at least 23 tendane hours of 


monitoring. 


formed. As seen in Table I, the Holter subgroup was. 


similar to the non-Holter subgroup for almost all:of 


the selected characteristics. There was a lower prev- _. 
~ arrhythmia, defined as VPBs >0/hr, had the highest ` 


‘alence of diabetes, ventricular conduction defects, 
and cardiomegaly, and a greater prevalence of ST 


elevations in the Holter group than in the non-. .- 
Holter group. In the Holter group of 1336 patients, 


133 deaths occurred, 59 of which were sudden. These 
results are comparable with the number of deaths 


(total, 188; sudden, 85) in the total BHAT placebo i 


population of 1921. 


Fig. 1 presents the frequency “and eciduiative ; 


distributions of the number of Holter monitors 
performed per day versus days- after myocardial 
infarction for the subgroup of 1336 patients. More 


than 75% of the patients had their Holter monitor ` 


_ obtained 5 or more days after infarction, and more 
than 50% of the patients had their recording 
obtained 7 or more days after infarction. 


Total deaths. The sensitivities, specificities, posi- i 
- tive and negative predictive values, and prevalences ` 
for the four definitions of arrhythmia at the various- 


monitoring durations, with total death as the out- 
come, are presented in Fig. 2. In addition, the first 


1-hour, 24-hour, and random-type hour versions of - 


these indexes are listed in Table II. The random- 
- type hour (random hour, daytime random hour, or 


nighttime random hour) version of the index is _ 
listed if it is greater than the first hour version. For 


all four: rhytme, EE (the proportion of 
subjects with the arrhythmia) increases as the mon- 
itoring duration increases from 1 to 24 hours. The 


prevalence, 35.3%, at 1 hour, which increased to a 
prevalence of 85.8% at 24 hours. Two other arrhyth- 


~ mias were more than 10% prevalent at 1 hour in this > 


postinfarction population. These were VPBs =10/hr - 
(prevalence of 12.2%) and the OR-OR arrhythmia 
(prevalence of 16.2%). With 24-hour monitoring; 
42.4% of the subjects had the OR-OR arrhythmia, . 
but the prevalence of VPBs =10/hr only increased _ 


. an additional 0.9%, occurring in 13.1% of the 


subjects. - 
When additional hours of monitoring were added, 
the. largest percentage change in prevalence 


` occurred with the arrhythmia VT-PR. Its preva- 
. lence was 2.7% at 1 hour, but increased by- more 


than sixfold to a 20.7% prevalence at 24. hours. = 
The sensitivity and specificity results paralleled . 
the prevalence results. The sensitivities increased, ` 
and the specificities decreased for all the definitions 
with increased hours of monitoring. At 1 hour, only 
one arrhythmia definition, VPBs >0/hr, had a sensi- - 
tivity. >50%. By 24 hours, its sensitivity had 
increased to 94.0%, and the sensitivity of the OR- 
OR arrhythmia was 63.9%.-All the arrhythmia 
specificities at 1 hour were greater than 80%, except 


for VPBs >0/hr , Which had a specificity of 66.6%. 
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i Table i. The savant sensitivity, speċificity, and urdea aus of the 1- hour, 2 24- hout, and. tandom- type ien : 
: versions ‘of: ventricular jab deatsaes with total death as. the outcome (2) : 


January 1988 ` 


7 American Heart Journal ` 


aus 


‘Prevalence - EE ; "Sensitivity Specificity 
E Arrhythmia - Random* If AE ‘Random’ 4 0e 4 >S Random ‘or eae 
VPBs>O/hr. = -© 36.8(D)". 353 85.8. 26D) $197 940 ~..676(N). > 666 -1517 
- VPBs =10/hr. = 122: 181 e $ © 195., 248° 894(R) -. 5,886 9 88.2 - 
VT-PR ` = SPE, OG © e 83° 353: 98.0 (N)? . 979 . 80.9. 
OR-OR ` 1640) 162 424 “278 - 689... 866 (N) ' 85.1. 508 





“Ifa random-type hour version is greater than the first-hour version of.an index, its value’ ‘along with the random- -type hour, in, parentheser, d is listed ` 
R = random, D = = daytime andom; N= nighttime. random; If all Ca Fandom- ipad hour versions: are Jess ‘than or ae to the- first- houg version of the A 


« index—is listed. ; 
_ tThe 1-hour version of the ider. a 
tThe 24-hour version of the index,” 


t 


‘Table Ill. The oa echsitivity, and. positive and. Tai siedictive pales of tiie L-how, 24- sie and random 


type hour versions of ventricular arrhythmias with sudden death as the outcome (%) a 














- Prevalence — “Sensitivity p ‘Specify Boas 

< Arrhythmia’ , a It 24} ; Random `: eet ay s = “VY Random n Pe “24 ; 
VEBs >0/hr.” 868 (D) ` 35.3 858. 576D) | -55.9 93.2 67.0 N “657° O 148. 
VPBs =10/hr- eee See eee ee 20.3. `- 203 ~ 89.1 (R)` ~ -882 : | -872 

_ VTPR o 027 207 — 68 ` 356  97.7(N) . - 87:5- 80.0 
OR-OR . 16. 4 4D) -< 1627 42. 4 =. 30.5. 69.5 .. 85.2 (R)  -— -84.5 58.8 


At iSe: Table ie {ot legend. S 


+o 


By. 24 PE tne aie had specificities below ; 
aoe 7 ‘itive and negative predictive. values, and prevalences 7 

T ‘for the four arrhythmias with sudden.death asthe - 

‘outcome are presented: in Fig: 3..The random- -type — 

~ hour; first-1-hour, and 24-hour values for each ofthe. . 

sudden death indèxes: are. shown in Table III. The © 


80% —VPBs >0/hr and OR-OR. 


The positive predictive ‘values decreased with, 
increased hours of monitoring for all but. one.” 
arrhythmia definition (Fig: 1).-For VPBs .=10/hr; 


_the positive predictive value increased: from 14. 9% ea 


(to 17.8%: For the other arrhythmias, there was a 

` gradual decrease in the. positive predictivé value as- - 
-the monitoring duration increased - ‘from 1 to 24°... 
P hours. ; 
. Negative predictive values increased: slightly with’ a 
“inerbaned hours of monitoring for all the arrhyth-. 


mias. At 1 hour, all arrhythmias had a greater than ` 


90% negative predictive.value. In going from 1 to 24 . 
hours of monitoring, the negative predictive value of 
the arrhythmia definition, VPBs >0/hr, increased” 
from 93.0% to 96.1%; for the OR-OR definition, it. 


increased from 91.7% to 94.1%; for the VT-PR 


< Sudden deaths. The sensitivities, E T pos: 


: prevalence 1 results are obviously thesi same as tor total , 

death: 00i. a 
The sensitivity: ad specificity fesulta are similar a 
' = to those. in’ which total- death was used: as the. 


outcomè.. “The only arrhythmia with a ‘sensitivity: 


~ >50% at 1 hour was VPBs per hour >0 (55.9%): ‘By... 

24 hours, its sensitivity had increased. tò 93.2%, and ` 
_~the sensitivity of the OR-OR arrhythmia was 69.5%. `- 

“ ‘Only one. „arrhythmia definition ‘had: a: specificity ` 

below 80% ‘at 1 hour—VPBs >0/hr. By 24 hours, the -. ` 

“specificity of the OR-OR arrhythmia: definition also 


: dropped below 80% to 58.8%. 


definition, it increased from 91.0% to 92.3%; and for... ea 


the VPBs =10/hr, the negative. invedictare) value 
= - “for all but-one “arrhythmia. For VPBs`=10/br, the 

.” positive predictive value increased’ slightly: from. ily 

` 6.5% to 6.8%. For the other arrhythmias, there was ~ ` 


increased from 91.2% to 91.6%. 


. ” Generally, the first 1-hour indéxes were either” 
greater than or equal to either the random hour,’ 


' daytime random hour; or nighttime random hour - . 


_versions. For those random versions of the ‘indexes 


that were greater than the first 1-hour: versions, the > 
difference was. quite minor (often: less than an. A 


pbeolatext 1% hea in ‘the values). 


~ 


‘As in the total mortality case, positive predictive 
values decreased with increased hours of monitoring .- 


a gradual: decrease in cme positive yredicane val- 
ues. ; 


Negative ` ae dis : ee athe 


increased hours of monitoring for all the’ arrhyth- a 
. mias expt tog VPBs: = like, which was about the a 


if 
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Predictive value positive Predictive value negative 





Random I 24 Random 1 24 


— 14.3 10.5 — 93.0 96.1 
16.2 (R) 149 178 914(N) 912 916 
34.0(N) 323 168 9111) 910 923 

z 16.3 144 = 91.7 941 





Predictive value positive Predictive value negative 





Random I 24 Random 1 24 
7.1 (N) 6.7 4.6 97.2(N) 97.0 977 
7.8 (R) 65 68  96.2(R) 96.0 96.1 
= 120 73 = 95.9 96.5 
ce 78 71 = 964 97.8 


same at 1 and 24 hours. At 1 hour, all the arrhyth- 

mias had a greater than 95% negative predictive 
value and only one, the OR-OR arrhythmia, 
increased by more than 1% (1.2%) in going from 1 
to 24 hours. 

With sudden death as the outcome, most first 
1-hour indexes were greater than the random hour 
versions. In only three patients the random hour 
versions greater than the first hour versions by more 
than a 1% absolute difference, with none greater 
than 2%. 

In further analyses, those patients who were 
receiving antiarrhythmic therapy at baseline were 
compared with those who were not to see if the 
predictability of sudden death was altered (Table 
JV). For those patients off antiarrhythmic therapy 
at baseline, the results essentially paralleled those of 
the entire group, with negative predictive values 
slightly greater and positive predictive values slight- 
ly lower. For those patients taking antiarrhythmic 
therapy at baseline, the results again paralleled 
those of the entire group. However, here the nega- 
tive predictive values were lower and the positive 
predictive values were greater. These analyses were 
repeated for total deaths, with similar results. 


DISCUSSION 


Ambulatory ECG monitoring is of proved value in 
detecting ventricular arrhythmias in patients with 
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coronary heart disease.'*® However, limited infor- 
mation is available on the relative usefulness of the 
various durations of ambulatory monitoring in 
detecting various types of ventricular arrhyth- 
mia.” l 

Ventricular arrhythmias noted on Holter moni- 
toring in patients after infarction segregate patients 
into subgroups with differing sudden death and 
total mortality rates.+417!9 Despite the significant 
differences in sudden death between subgroups with 
and without ventricular arrhythmias, it has been 
claimed that these findings have little value in 
patient care, clinical research, or the design of 
prophylactic trials.” Therefore in the present 
analysis, an attempt was made to examine various 
definitions of arrhythmia on the basis of various 
hours of recording to determine what duration of 
recording might be clinically useful and efficient. 

As the number of hours of monitoring increase, 
the chance for a VPB or an episode of ventricular 
tachycardia or VPBs in pairs or a multiform ventric- 
ular complex to occur might tend to increase. Thus 


-one would predict that the prevalences and sensitiv- 


ities of these three arrhythmias should increase with 
time. In fact, in three of the four definitions of 
arrhythmia (VPBs >0/hr, OR-OR, and VT-PR) this 
occurred. However, the prevalence of VPBs =10/hr 
increased only minimally with increased hours of 
monitoring, suggesting that a high frequency of 
VPBs does not differ much from hour to hour. | 

For either total death or sudden death as the 
endpoint, positive predictive values either change 
very little or decrease as the duration of monitoring 
increases. One explanation is that the arrhythmias 
detected on the single hour- are more likely to 
represent those observed in patients at high risk of 
dying. If a longer period of monitoring is required to 
detect an arrhythmia, it is less likely to be associated 
with a fatal event. However, irrespective of the 
arrhythmia definition or duration of monitoring, 
positive predictive values were not particularly high. 
For sudden death, they were low, ranging from 
about 4% to 12%. For total death, they were 
somewhat better, ranging from about 11% to 32%, 
but even these are low values. 

For total death and sudden death, the negative 
predictive values were high (>90%). These values 
increased slightly more, going from 1 hour to 24 
hours of monitoring for total death than for sudden 
death, since there were more total deaths than 
sudden deaths. However, there was a major change 
from 1 hour to 24 hours in neither case. 

It has been previously shown that positive predic- 
tive value increases and negative predictive value 
decreases with increased incidence of death.” How- 
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Fig. 2. The prevalence (PR), sensitivity (SE), specificity (SP), and positive and negative predictive 
values (PV+, PV—) of the ventricular arrhythmias for the selected hours of ambulatory ECG monitoring 
using total death as the outcome. R = random; DR = daytime random; NR = nighttime random. 


Table IV. The positive and negative predictive values of the 1- and 24-hour versions of ventricular arrhythmias with 
sudden death as the outcome (%) 





On antiarrhythmic therapy at baseline 








Off antiarrhythmic therapy at baseline 




















(N = 234) (N = 1102) 
Predictive value Predictive value Predictive value Predictive value 
positive negative positive negative 

Arrhythmia If 245 1 24 I 24 1 24 

VPBs >0/hr sT 6.4 94.2 95.4 6.7 4,2 > 97.5 97.9 

VPBs =10/hr 8.5 9.7 94.3 96.8 5.6 5.4 96.3 96.3 

VT-PR 80.0 9.7 94.8 94.8 4,2 6.8 96.2 96.9 

OR-OR 8.9 9.2 94.6 96.7 7.7 6.6 97.0 98.0 

t,tSee Table I for legend. 

‘ever, as seen in this report, the relationships The random hour versions of the indexes do not 


between positive and negative predictive values seem to offer anything beyond the first hour ver- 
according to hours of monitoring duration do not sions. Total and sudden death results suggest that 1 


change. 


hour of monitoring may be sufficient to assess risk in 


fe 
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Fig. 3. The prevalence (PR), sensitivity (SE),. specificity (SP), and positive and negative predictive 
values (PV+, PV—) of the ventricular arrhythmias for the selected hours cf ambulatory ECG monitoring 
using sudden death as the outcome. R = Random; DR = daytime random: NR = nighttime random. 


patients after infarction. This is based on the find- 
ing that positive predictive values for the arrhyth- 
miäs generally decrease or remain the same and the 
negative predictive values generally remain the 
same or increase only slightly. 

The results of predictability of sudden death (or 
total deaths) on the basis of antiarrhythmic medica- 
tion status at baseline could be explained in the 
following way. The positive predictive values for 
patients on -baseline antiarrhythmic therapy were 
greater than those off baseline antiarrhythmic ther- 
apy. Perhaps patients on antiarrhythmic therapy 
who still show arrhythmia on Holter monitoring are 
sicker patients and thus more likely to die within the 
25-month follow-up-period. The negative predictive 
values for patients on baseline antiarrhythmic ther- 
apy were lower than those off baseline antiarrhyth- 
mic therapy. Again, patients on antiarrhythmic 
therapy might be sicker than those off such therapy 


and therefore less likely to survive the follow-up 
period than those who were off antiarrhythmic 
therapy. : 
_ By increasing the number of hours of ambulatory 
monitoring, the percentages of patients identified at 
risk or not at risk (i.e., positive and negative predic- 
tive values) do not change much. However, there are 
several caveats in this statement. The BHAT partic- 
ipants represent only a selected sample of the 
postinfarction pcpulation. Even though. the differ- 
ence in percentages at 1 hour and 24 hours are small 
for both positive and negative predictive values for 
the selected arrhythmias in this study, these may 
represent significant numbers of patients when: 
applied to the large postinfarction population that 
exists. 

To more clearly demonstrate that something <24 
hours of ECG monitoring is sufficient to assess risk, 
a detailed decision theoretic and statistical analysis 
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is required. However, assumptions about the bene-- 


fits and risks of various treatments must be made. 
Since no adequate clinical trial has yet demon- 
strated.the value of treatment of arrhythmia, actual 
benefits and risks are unknown. Therefore, they 
would need to be postulated. Using such an analysis, 
we have shown that over a wide range of therapy 
benefit to risk ratios, 1 hour of monitoring is suffi- 
cient.” This analysis further shows that 4 hours of 
monitoring would be adequate for mostly all possi- 
ble therapy benefit to risk ratios. : 

The results presented here are applicable only for 
patients after myocardial infarction and should not 
be interpreted to mean that 24 hour ambulatory 
ECGs may not be of value in other circumstances. In 
addition, further study is indicated regarding opti- 
mal test(s) and hours of recording if arrhythmias 
detected on a Holter monitor are to be used as a 
basis for the optimal seléction of drug and dosage. 


Clearly, 24 hours of Holter monitoring does not . 


appear to be the optimal time duration for deciding 
whether to treat arrhythmias in patients after myo- 
cardial infarction. 


REFERENCES 


1. Kotler MN, Tabatznik B, Mower MM, Tominaga S. Prognos- 
tic significance of ventricular ectopic beats with respect to 
sudden death in the late post-infarction period. Circulation 
1973;47:959-66. 

2. Schulze Jr RA, Strauss HW, Pit: B. Sudden death in the year 
following myocardial infarction: relation to ventricular pre- 
mature contractions in the late hospital phase and left 
ventricular ejection fraction. Am J Med 1977;62:192-9. 

3. Ruberman W, Weinblatt E, Goldberg JD, Frank CW, Shapiro 
S. Ventricular premature beats and mortality after myocardi- 
al infarction. N Engl J Med 1977;297:750-7. 

4. Moss AJ, Davis HT, DeCamilla J, Bayer LW. Ventricular 
ectopic beats and their relation to sudden and nonsudden 
cardiac death after myocardial infarction. Circulation 
1979;60:998-1003. 

5. Anderson KP, DeCamilla J, Moss AJ. Clinical significance.of 
ventricular tachycardia (3 beats or longer) detected during 
ambulatory monitoring after myocardial infarction. Circula- 
tion 1978;57:890-7. i 

6. Ruberman W, Weinblatt.E, Goldberg JD, Frank CW, Chaud- 
hary BS, Shapiro S, Ventricular premature complexes and 
sudden death after myocardial infarction. Circulation 
1981;64:297-305. 

7. Kennedy HL, Chundra VJ, Suyther KL, Caralis DG. Effec- 
tiveness of increasing hours of continuous ambulatory elec- 
trocardiography in detecting maximal ventricular ectopy. 
Continuous 48 hour study of patients with coronary heart 
disease and normal subjects. Am J Cardiol 1978;42:925-30. 

8. Lopes MG, Runge P, Harrison DC, Schroeder JS. Compari- 
gon of 24 versus 12 hours of ambulatory ECG monitoring. 
Chest 1975;67:269-73. 

9. Lown B, Wolf M. Approaches to sudden death after coronary 
heart disease. Circulation 1971;44:130-42. 


10. Alexander S, Feldman CL, Singer PJ. Quantitative compari- 


son of one-hour versus twelve-hour ambulatory ECG moni- 
toring [Abstract]. Chest 1977;72:&92. 

11. Beta-Blocker Heart Attack Trial Research Group, Mono- 
graph Prepared by Robert P. Byington. Beta-Blocker Heart 
Attack Trial: design, methods and baseline results. Con- 
trolled Clin Trials 1984;5:382-437. 


January 1988 
American Heart Journal 


12. Klein MN, Baker S, Feldman CL, Hubelbank M, Lane B. A 
validation technique for computerized Holter type processing 
systems used in drug efficacy testing. Computers in Cardiol- 

. ogy, IEEE 1977;191-201. 

13. Lee ET. Statistical methods for survival data analysis. Bel- 
mont, California: Lifetime Learning Publications, 1980:88. 

14. Ryan M, Lown B, Horn H. Comparison of ventricular ectopic 
activity during 24-hour monitoring and exercise testing in 
patients with coronary heart disease. N Engl J Med 
1975;292:224-9, j 

15. Crawford M, O’Rourke RA, Ramakrishna N, Henning H, 
Ross Jr J. Comparative effectiveness of exercise testing and 
continuous monitoring for detecting arrhythmias in patients 
with previous myocardial infarction. Circulation 1974;50:301- 
5. i : 

16. Harrison DC, Fitzgerald JW, Winkle RA. Ambulatory elec- 
trocardiography for diagnosis and treatment of cardiac 
arrhythmias. N Engl J Med 1976;294:373-80. 

17. Bigger Jr JT, Weld FM, Rolnitzky LM. Prevalence, charac- 
teristics and significance of ventricular tachycardia (three or 

- more complexes) detected with ambulatory electrocardio- 
graphic recording in the late hospital phase of acute myocar- 

- dial infarction. Am J Cardiol 1981;48:815-23. 

18. Weaver WD, Cobb LA, Hallstrom AP. Ambulatory arrhyth- 
mias in resuscitated victims of cardiac arrest. Circulation 
“1982;66:212-8. 

19. Bigger JT, Fleiss JL, Kleiger R, Milten JP, Kolnitzky LM, 
and the Multicenter Post-Infarction Research Group. The 
relationship among ventricular arrhythmias, left ventricular 
dysfunction, and mortality in the 2 years after myocardial 
infarction. Circulation 1984;69:250-8. 

20. Lesch M, Kehoe RF. The predictability of sudden cardiac 
death. A partially fulfilled promise. N Engl J Med 
1984;310:255-7. - 

21. Lesch M. VPBs—the benign and the malignant. N Engl J 
Med 1977;297:782-4. 

22. Vecchio TJ. Predictive value of a single diagnostic test in 

` unselected populations. N Engl J Med 1966;274:1171. 


, 23. Davis BR, Friedman LM, Lichstein E. The prognostic value 


of the duration of the ambulatory electrocardiogram. (To 
appear in Med Decis Making.) 


APPENDIX 


“The Beta-Blocker Heart Attack Trial Study 
Group included the following investigators: 
Clinical centers 
Baylor College of Medicine, Houston, Texas 
Craig M. Pratt; M.D., Principal Investigator 
Boston University School of Medicine, Boston, 
Mass: 
Pantel S. Vokonas, M. D., Principal investivater 
Brown University Affiliated Hospitals, Providence, 
R. I. 
Robert J. Capone, M.D., Principal Investigator 
Emory University, Atlanta, Ga. 
Robert C. Schlant, M.D., Principal Investigator 
Evanston Hospital, Evanston, Nİ. 
Gary N. Wilner, M.D., Principal Investigator 
Geisinger Medical Center, Danville, Pa. 
Charles A. Laubach, M.D., Principal Investigator 
Greater Baltimore Medical Center, Baltimore, Md. 
Thaddeus E. Prout, M.D., Principal Investigator 
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Henry Ford Hospital, Detroit, Mich. | 
Gerald M. Breneman, M.D., Principal Investigator 


Kaiser Foundation Hospital, Portland, Ore. _ 
John A. Grover, M.D., Principal Investigator 


Lankenau Hospital, Philadelphia, Pa. 
William L. Holmes, Ph.D., Principal Investigator 


Long Island Jewish-Hillside Medical Center, New 
Hyde Park, N. Y. 
Kul D. Chadda, M.D., Principal Investigator 


Maimonides Medical Center, Brooklyn, N. Y. 
Edgar Lichstein, M.D., Principal Investigator 


Medical College of South Carolina, Charleston, 
S. C. 
Peter C. Gazes, M.D., Principal Investigator 


Medical College of Virginia, Richmond, Va. 
David W. Richardson, M.D., Principal Investigator 


Miami Heart Institute, Miami, Fla. 
Frank L. Canosa, M.D., Principal Investigator 


Montreal Heart Institute, Montreal, Quebec, 
Canada 
Pierre A. Théroux, M.D., Principal Investigator 


Mt. Sinai Hospital, Minneapolis, Minn. 
Phillip J. Ranheim, M.D., Principal Investigator 


Northwestern University Medical School, Chicago, 
Ih > A 
Olga M. Haring, M.D., Principal Investigator 


Overlook Hospital, Summit, N. J. 
John J. Gregory, M.D., Principal Investigator 


Pacific Health Research Institute, Honolulu, 
Hawaii . 
J. Judson McNamara, M.D., Principal Investigator 


Providence Medical Center, Portland, Ore. 
Gordon L. Maurice, M.D., Principal Investigator 


Rush Presbyterian St. Lukes Medical Center, 
Chicago, Il. 

James A. Schoenberger, M.D., Principal 
Investigator 


Rutgers Medical School Raritan Valley Hospital, 
New Brunswick, N. J. 
Peter T. Kuo, M.D., Principal Investigator 


Salt Lake Clinic Research Foundation, Salt Lake 
City, Utah 
Allan H. Barker, M.D., Principal Investigator 


Ogden Research Foundation, Ogden, Utah 
C. Basil Williams, M.D., Principal Investigator 


State University of New York at Buffalo, Buffalo, 
N. Y. 
Robert M. Kohn, M.D., Principal Investigator 
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University of Califcrnia, Davis, Davis, Calif. 
Nemat O. Borhani, M.D., Principal Investigator 


University of Califcrnia, San Francisco, San 
Francisco, Calif. 

Mary Anne Warnowicz, D.O., Principal 
Investigator 


University of Rochester School of Medicine, 
Rochester, N. Y. 
Paul N. Yu, M.D., Principal Investigator 


University of Southern California, Los Angeles, 
Los Angeles, Calif. 
L. Julian Haywood, M.D., Principal Investigator 


Veterans Administration Hospital, Little Rock, 
Ark. 
Marvin L. Murphy, M.D., Principal Investigator 


Veterans Administration Hospital, West Roxbury, 
Mass. 
Kevin M. McIntyre, M.D., Principal Investigator 


Coordinating center 

University of Texas, Houston, Texas 

C. Morton Hawkins, Sc.D., Director, Principal 
Investigator 

Barry R. Davis, M.D., Ph.D. 

Robert P. Byington, Ph.D. 


Drug distribution center 

Department of Health and Human Services, U.S. 
Public Health Service, Perry Point, Md. l 
James Grigdesby 

Sydney H. Hamet 

Patricia Murphy 


ECG reading center 
University of Minnesota, Minneapolis, Minn. 
Richard S. Crow, M.D., Principal Investigator 


24-Hour Holter ambulatory ECG center 
Anthropometrics Heart Clinic, Haddonfield, N. J. 
Joel Morganroth, M.D., Principal Investigator 


Central laboratory 
Bio-Science Laboratories, Van Nuys, Calif. 
Frank Ibbott, Ph.D., Principal Investigator 


National Heart, Lung, and Blood Institute, Bethesda, 
Md. 

Curt Furberg, M.D., Project Officer 

Lawrence M. Friedman, M.D. 

William T. Friedewald, M.D. 
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Sustained therapeutic efficacy and safety of 
oral propafenone for treatment of chronic 
` ventricular arrhythmias: A 2-year experience 


Thirty-two men with chronic vəntricular arrhythmias responded to propafenone, a new potent 

~ antiarrhythmic agent, in short-term trials with 85% or greater reduction of total ventricular 
premature complexes (VPCs) per hour, 95% or greater reduction of ventricular ‘couplets (VCs) per 
hour, and 100% abolition of ventricular tachycardia (VT) beats per 24 hours. These patients were 
continued on long-term propafenone therapy to assess sustained therapeutic efficacy and safety. 


Thirty patients completed 1 year and 26 patients completed 2 years of testing with this agent; 
one patient died of sudden death and another died of a noncardiac cause. Although there were 
significantly fewer patient responders at 1 and 2 years, the majority of patients (>79%) 
continued to respond optimally to propafenone. Side effects were minor and Included bitter 
taste, dizziness, congestive haart failure, fatigue, and significant prolongation of the PR and QRS 
intervals. Propafenone has sustained antiarrhythmig: efficacy. after 2 years without serious - 


toxicity. (Am Heart J 1999; 115:92. ) 


Ha Dinh, M. D., Bonnie J. Baker, M.D., Neil de Soyza, M M. D., and 


Marvin L. PERT M.D. Little. Rock, Ark. 


Synthesized i in 1970, propafenone is a new. ETER 


antiarrhythmic agent that has -been commercially ; 


available in Europe since 1977. Propafenone has 4 
strong membrane- stabilizing effect,}? weak beta- 
blocking action,** and in vitro calcium channel 
blocking properties.*® Short-term ‘studies* have 
shown that propafenone is an effective antiarrhyth- 
mic agent, more effective than disopyramide” and at 
least as effective as quinidine” i in suppressing chron- 
ic ventricular arrhythmias. To date, data about the 
` safety and efficacy of propafenone during extended 


use remain limited. We report our clinical experi- _ 


ence of the long-term safety and sustained therapeu- 
tic efficacy of propafenone i in patients with chronic 
ventricular arrhythmias.. 


MATERIALS AND METHODS . 


Patient population. The population of patients studied - 


was comprised of those who responded to propafenone in 
short-term controlled trials with all three following crite- 
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ria: 85% or greater reduction of total ventricular prema-. 
ture complexes (VPCs) per hour, 95% or greater reduction 
` of ventricular couplets (VCs) per hour, and 100% aboli- 


tion of ventricular tachycardia (VT) beats (three or more 
beat runs) per 24 hours. Twenty-four of 30 men enrolled in’ 
a placebo vs propafenone double-blind cross-over study 
qualified as responders.” In a propafenone vs quinidine 
double-blind parallel study," 8 of 12 men in the propafe- 
nohe group were responders. A total of 32 patient respond- 


` ers were therefore continued on propafenone to assess its 


sustained therapeutic efficacy and long-term safety. 
Clinical characteristics of these patients are summa- 


l rized in. Table I. Most of the patients had ischemic heart 
_ disease and had been previously treated, with several 


different conventional antiarrhythmic agents. 

Study protocol. On the day of the last visit on short- 
term protocols, physical examination was done, informed 
consent was obtained, and the patients were continued on 


-~ propafenone at the same dosages -to which they had 


responded: 600 to 900 mg per day. Recordings were made 
of standard 12-lead ECG, weight, blood pressure, heart 
rate, and symptoms, and Mbpratory a data were obtained as 


' previously reported.” 11,18 


All patients were seen at 1, 3, 6, 9, 12 months, and every 


4 months thereafter. At each visit, a standard 12-lead . 
ECG, body weight, blood pressure, heart rate, symptoms: 
and side effects were recorded, and a physical'examination - 
` was performed. A 24-hour Holter recording was obtained 
‘at 3, 6, 12, 16, 20 and 24 months. Blood samples were 


obtained for propafenone blood levels 2 to 5 hours after 
dosing times at each visit, as previously reported.» ° 
The 24-hour Holter recordings were analyzed by an 


w 
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Fig. 1. OPTE EEE at is at 1 yeat, a at 2 vente A, Greater fai 85% vaida of total 
`, yentricular premature complexes per hour. B, Greater than 95% reduction of ventricular couplets per- 
hour. C, One hundred percent abolition of ventricular tachycardia beats per 24 hours. 


independent central laboratory that used a computerized || 


method (Cardio-Data Systems, Marlboro, Mass.) with an 
accuracy previously described.“ Holter recordings 


. obtained at 24 months were analyzed in our institution, 
with similar computerized equipment (Cardio-Data - 
MK3), with a comparable accuracy as assessed by manual 


counting of hard copy printouts. 

For each patient, ventricular arrhythmias were ana- 
lyzed separately in three categories: (1) mean total VPCs 
per hour; (2) mean VCs per hour; and (3) mear VT beats, 
defined as three or more consecutive beats per 24 hours. 
For each category of arrhythmias, comparison was made 
between baseline figures obtained after 1 week of placebo, 
-as previously reported,” 1 and those obtained at the last 
visit on short-term trials, at 1-year and 2-year visits. 


The percentage of reduction was calculated as: percent- _ 
age of reduction = arrhythmic events during placebo — ar-. 
rhythmic events at time of visit/arrhythmic events during ` 
placebo.x 100. Antiarrhythmic efficacy of propafenone _ 


was defined on the basis-of individual patient response 


according to arbitrary and rigorous criteria; as previously o 
—i.e., 85% or greater reduction of mean total : 
VPCs per kour, 95% or greater reduction of mean VCs per 


reported 3 


hour, and 100% abolition of VT beats per 24. hours. 
ECG intervals were measured on magnified limb leads 


of standard 12-lead ECGs." QT intervals were corrected. 
for heart rate (QT, intervals) by means of the formula: © 


“ QT//eycle length (second). JT and JT, intervals were ` 


derived by substraction of the QRS duration from the QT - 


and QT, intervals, respectively. Plasma levels of propafe- 
none were measured by an independent central laboratory 


that used a specific high-performance liquid chromatogra- è 


phy technique.! - 


- Chi square and Student’s t test v were used for statisizcal l 


analvaia Ap value. < 0.05 was considered ‘significant. 
` RESULTS 


Thirty-two men were enrolled into the study and 


were followed for a mean of 23 months (range 1 to 48 


Table I, Patients’ clinical characteristics (n = 32) 


Age.(mean + SD) 
' Clinical diagnoses 


ees ee 


CAD ; “7 patients . 
Hypertensive heart disease 5 patients 
CAD + Hypertension 4 patients 
CAD + Valvular heart disease 2 patients 
Valvular heart disease , ` 2 patients 
Undetermined 2 patients 


CAD = coronary artery disease. 


` months). The study was terminated after 2 years for 


most of the patients. Propafenone was, however, 


- continued for a few patients who could not tolerate 


or who had. failed on conventional antiarrhythmic 
agents. One of those patients is on his fifth year and 
another on his fourth year of using this agent. 

' After 1 year, data were available-for 29 patients;' 


. one patient stopped participating due to nonmedical 


reasons, another patient was discontinued from the 


_ study due to gastrointestinal symptoms not related 


to propafenone, and a third patient died of sudden 


'. cardiac death ‘at 4 months. This patient had an’ 
‘aortic Bjérk-Shiley valve and had been recently 


hospitalized for episodes of transient ischemic 


: attacks while being properly anticoagulated. 


After 2 years, data were available for 26 patients; 


‘one patient died of metastatic cancer of the prostate 
` at near completion of the 2-year period and another 


patient was withdrawn from the study due to non- 
compliance. A third patient was discontinued after 1 


` year due to symptoms and clinical findings of con- 


gestive heart failure related to propafenone therapy; 
clinical symptoms and findings improved after dis- 
continuation of propafenone. 
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: Table Il. Electrocardiographic intervals* 


: Át Ea a 
` Intervals Baseline entry 1 Year. 2 Years 
PR 173 + 29- 222 + 37§ 2094408 195+36t . 
QRS 91+ 20° 118 + 26§ 2 + 25t .. 107 + 23f i 
QT, . 450440 472+36ł 461429 450+ 30. ` 
JT. | 360434 354430 348424 342 + 25 | 


Significant PR: and QRS prolongation as compared to baseline values, | RE 


*Measured in milliseconds with mean + standard deviation. : 
tp < 0.05. : : 

tp < 0.01. 

§p < 0.001. 

as = corrected QT interval; JT, = corrected JT interval. 


Sustained efficacy of propafenone. . 


For 85% or greater reduction of mean total VPCs oe 


per hour. At entry, all 32 patients responded , to 


_propafenone with 85% or greater reduction of mean. 
_ total VPCs per hour. _At 1 year, of the 29 patients: - 
-. short-term therapy but was reported in two patients 


- continuing with the’ study, -only ` 23 (79%). were 


_ responders. ‘At the-completion of 2 years, 23 of 26. . 
(88%) continued to qualify as responders. There 
were statistically significant fewer patient respond- - 


ers at 1 and 2 years (p < 0.01 and.p < 0. 05, respec- 
tively). (Fig. 1, panel A). 


Considered as a group, these 32. patients had’ as, 
mean of 532 + 465 VPCs per hour prior to propafe- 
none therapy. At completion of short-term propafe- `` 
34.VPCs per. 


l none therapy, they had a mean of 21 + 
hour (96% reduction). At 1 year, the 29 Temaining 
patients had.a mean of 64 + 111 VPCs per hour 


(88% reduction), and at 2 years a mean of 27 > + 49.. 


VPCs per hour (95% reduction). 


: For 95% or greater reduction of VCs per ae. 
Only 30 of the 32 patients enrolled had VCs:.all had. -: 
good response to propafenone on short-term studies, 
with 95% or greater reduction of VCs per hour. At 1- 
year, of the 27 patients with VCs remaining in the 
study, 23 (85%) had a good response; at 2 years, of - 


the remaining 23 patients, 20 (87%) continued to 


respond. .There was. significantly fewer patient- 
- responders at 1 and 2 years (p <'0.05). However, , 


there was no significant different’ between the 
numbers of Tesponders at 1 and 2 years (Fig. 1, 
panel B), 


(p < 0.05). At 2 years, of the 17 patients continuing 


on propafenone, 16 were responders—an insignifi-. 


cant difference from the number of sespouders at 
entry (Fig. 1, panel C). . 
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Table Ill. Mean daily dosages and blood levels of prepay 


— none 





_ Mean daily ie Mean bloed levels 
(mg) (mean + SD) (2) (mean + SD) 
‘At entry | “8674106 `. >`. 1306 +768 
` At 1 year 786 + 164* "1052 + 737 ; 
At2 years 802 + 153* 965 + 806 





. ` "Spiane d differences œ <0. 06) a as Send to- dosages at entry. ' 


: ' Adverse effects ‘of propafenone ` 7 
Symptoms. Bitter taste or metallic taste was the: ` 
most prominent side effect observed during short- ` 


. term studies in nine patients, but was no longer | 
reported after 1 and 2 years. Dizziness, observed 
during short-term studies in three patients, was still 


reported at 1 year in. three patients and in one. 
patient: after: 2 years. ~~ 
Dyspnea on exertion was not observed during E 


in this.study; only one patient had. findings consis- 


. tent with congestive heart failure, as mentioned 
- above. Fatigue was not observed during short-term - 


therapy but was Teported after 1 year in three 


_ patients... - 


ECG changes. ‘The side effects of (erate nai on 


ae the ECG have been previously described,?"+? and - 


consisted in ‘significant, prolongation of the PR and ` 


. QRS intervals without significant changes in the JT, . 
. interval. PR and QRS intervals continued to be 
` significantly prolonged. at 1 and 2 years without 
-significant changes with long-term administrationi of E 


propafenone, as shown in Table IL. -. 
- Dosages and blood levels. Table III lists the j mean 


‘daily. dosages and- blood levels of. propafenone: at 


entry, at 1 year, and at 2 years.’ There was a 
significant difference between the mean dosages at 


--entry and those at 1 and 2 years, No significant 
_ difference was observed between mean blood levels 


at entry, or at 1 and 2 years, ‘although there was: a 
trend toward lower levels at 1 and 2 years. 


“DISCUSSION 


` Long-term efficacy of propafenone. ‘Although ihe 


. effectiveness of propafenone in suppressing chronic : 
. For 100% abolition oF: VT beats per 24. ‘hours. .. ’ 
` Only 21 of the 32 patients enrolled had VT beats at’ - 
. baseline on placebo and had 100% abolition of VT _ 
beats on short-term propafenone therapy. At 1 year,” 
of the 19 patients remaining in the study, 15 (80%) © 
were responders, significantly fewer than at entry -- 


repetitive ventricular ectopic activity as well as. 


. reducing VPC frequency is established, data are: 


scarce regarding its long-term efficacy and safety. 


- Salerno et al? and Hodges et. al.“ followed.-11 


patients taking propafenone for 2 years. with only 


‘seven remaining on the drug after 2 years. Other . i 


investigators** had followed small populations’ of . 


. patients for a short duration without a detailed’ 
_ analysis of the patients’ response to’ propafenone. i 
We report our 2-year clinical experience of the 
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long-term use of propafenone in 32 patients with 
chronic ventricular arrhythmias, who had previously 
responded to propafenone in short-term studies. 
Significantly fewer patients were responders after 1 
and 2 years, but there were no significant changes 
after 1 year. Our findings are the first reported 
experience with long-term use of propafenone in a 
relatively large population of patients and therefore 
they deserve several comments. 

First of all, our criteria for antiarrhythmic efficacy 
are more rigorous and stricter than those conven- 
tionally used to assess antiarrhythmic efficacy, sim- 
ilar to those criteria used by Podrid et al.” We 
elected to address not only the reduction of mean 
total VPCs per hour, but also the reduction in 
repetitive VPCs (couplets and three-beat or more 
runs), as suggested by other investigators,” because 
“potentially lethal arrhythmias have a different 
relationship to plasma levels of antiarrhythmic 
agents than do chronic PVCs.”?! Second, we assessed 
the antiarrhythmic efficacy based on individual 
response instead of upon pooled data, since “pa- 
tients used in these studies are heterogeneous and, 
thus grouping individual data will mask individual 
response.” The pooled data in our patients show a 
96% reduction of mean total VPCs at entry, 88% 
after 1 year, and 95% at 2 years—no significant 
decrease in the antiarrhythmic efficacy of propafe- 
none. : 

In fact, there were fewer patient responders at 1 
and 2 years. This finding could be attributed to 
several factors. In half of our cases with decreased 
response to propafenone, there was a corresponding 
significant decrease in blood levels, which could be 
related to a decrease in dosages, to noncompliance, 
or to unknown causes. In the remainder of the cases, 
dosages had not been changed and blood levels did 
not change significantly. This observation of a 
decreased response to propafenone for unexplained 
reasons is similar to that reported by Podrid et al.” 
A similar decrease in response to long-term antiar- 
rhythmic therapy has been observed with other 
agents,“ and may be due to several factors and/or 
combinations of factors, including patient compli- 
ance, decrease in drug absorption, worsening of 
patients’ cardiac status, and development of toler- 
ance. Although there was a significant decrease in 
the number of patient responders after 1 and 2 years 
of therapy with propafenone, 80% of patients con- 
tinued to respond to propafenone, according to our 
rigorous criteria of efficacy. 

Long-term safety of propafenone. The cardiac and 
noncardiac side effects of propafenone have been 
previously reported and were essentially minor, 
transient, and reversible after reduction in dosages 
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or discontinuation of propafenone. ECG changes 
observed during short-term therapy with propafe- 
none did not appear to worsen with long-term 
treatment. Laboratory tests did not show significant 
changes. 

In conclusion, propafenone is a new antiarrhyth- 
mic agent highly effective in suppressing ventricular 
ectopic activity in long-term therapy; the majority of 
patients continued to respond optimally to propafe- 
none after 2 years of treatment. Propafenone is well 
tolerated, with no serious side effects observed in 
long-term administration. Propafenone would be a 
good alternative to conventional antiarrhythmic 
agents for the treatment of chronic ventricular 
arrhythmias. 
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Efficacy of intravenous amiodarone as 
short-term treatment for refractory: ventricular 


tacnycardia 


The antiarrhythmic efficacy and safety of intravenous amiodarone were evaluated in 13 patients ` 
with recurrent sustained ventricular tachycardia. All patients had been refractory to at least three, 
prior antiarrhythmic agents (mean, 3. 3 per patient), and 11 had ‘multiple direct ‘current: : 
: cardioversions. Intravenous amiodarone suppressed sustained tachycardia’ in seven patients; the 

_ concurrent use of procainamide resulted in suppression in two additional patients. Ventricular 

` tachycardia recurred in three patients, two within 2 hours of Initiation of amiodarone. Adverse ` 


effects necessitated the discontinuation of amiodarone in one patient because of significant- oes : ay ae A 


hemodynamic deterioration. The use of intravenous amiodarone was associated with a significant 
fall in heart rate and cardiac output. Plasma amiodarone levels were high after initial bolus 
loading but declined to low or less than therapeutic levels within 60 minutes. Thus although we 
found intravenous amiodarone to be effective in the short-term treatment of refractory 
ventricular tachycardia, administration of amiodarone can be associated with significant 
hemodynamic deterioration. The dosing protocol used should be modified toa lower initial bolus . 
and a higher early maintenance infusion rate. pout HEART J 1988; 115: 96. ) é 


Richard C. Klein, M.D., Charles Machell, MD, Nancy Rushforth, RN, and l E ae at 
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The antiarrhythmic efficacy of amiodarone as treat- 
ment for ventricular arrhythmias is well estab- 


lished.+® However, because of the unique kinetics of. ` 
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. amiodarone, there is a significant delay between 

` institution of oral treatment and the onset of antiar- 
‘rhythmic effect. Although recent reports have indi- 
“cated that by using very high oral doses initially this - 


delay can be considerably. decreased,”® even with’ 


: these high doses antiarrhythmic effect is not mani- .,_ 


fest for at least several hours. With commonly used - 


& oral loading regimens, this delay often exceeds 7 
days’ and. maken oral amiodarone unsuitable for 


tie 
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Table |. Description of 13 patients with refractory ventricular tachycardia treated with intravenous amiodarone 





Patient No. Diagnosis _ Arrhythmia Prior therapy Cardioversion Result 
1 CAD VF PA, toc, prop + Shock 
2 CAD Sus VT PA, quin, lido + Control 
3 CAD Sus VT PA, toc, bret, lido + CHF, rec VT 
AMI . 
4 CAD Sus VT PA, quin, lido + Rec VT EMD 
AMI . . 
5 CAD Sus VT PA, quin, bret + Control 
AMI 
6 AS Sus VT/VF PA, quin, bret + Control 
f CAD 
7 CAD Sus VT/VF PA, quin, lido, diso + Control 
8 AS Sus VI/VF PA, quin, lido + Rec VT EMD 
9 CAD Sus VT PA, quin, lido E Control 
10 CAD Sus VT PA, quin, lido + Control 
11 CAD Sus VT PA, lido, bret + Control 
AMI ; 
12 CM Sus VT PA, quin, toc, prop + Control 
18 CAD Sus VT PA, quin, diso, phenyt - Control 








AMI = acute myocardial infarction; AS = aortic stenosis; bret = bretyllium; CAD = coronary artery disease; CHF = congestive heart failure; CM = cardio- 
myopathy; diso = disopyramide; EMD electromechanical dissociation; lido = lidocaine PA = procainamide; phenyt = phenytoin; prop = = rioafebibel 
propafenone; quin = quinidine; Rec VT = recurrent VT; Sus VT = sustained VT; toc = tocainide; VF = ventricular fibrillation. 


acute short-term therapy or recurrent, life-threaten- 
ing ventricular arrhythmias. Intravenous adminis- 
tration of amiodarone has been used as a treatment 
for recurrent ventricular tachycardia“; in most 
reports the drug has been administered as a high- 
dose bolus followed by an intravenous infusion for 
12 hours to 7 days. In this report we describe the 
antiarrhythmic efficacy, hemodynamic effect, and 
blood levels attained by using such a dosing protocol 
in patients with recurrent ventricular tachycardia. 


METHODS 


Patients (Table i). Thirteen patients with recurrent 
ventricular tachycardia that had been refractory to prior 
treatment with at least three antiarrhythmic agents (aver- 
age, 3.3 drugs per patient) were treated with intravenous 
amiodarone. All 18 patients were men, ages 44 to 75 years 
(mean, 59 years). Coronary artery disease as documented 
by cardiac catheterization or myocardial infarction was 
present in 10 patients, coronary artery disease with aortic 
stenosis was present in one patient, one patient had 
cardiomyopathy caused by aortic valve disease with pros- 
thetic aortic valve replacement, and one patient had 
idiopathic congestive cardiomyopathy. 

None of the patients had potentially reversible causes 
for ventricular tachyarrhythmias. Among the group, eight 
patients had recurrent sustained ventricular tachycardia 
(>30 seconds or hemodynamic instability), and five 
patients had recurrent ventricular fibrillation. Of the 13 
patients 8 had required 5 to 16 direct current cardiover- 
sions for hemodynamically unstable tachycardia or fibril- 
lation in the 24 hours immediately before amiodarone 
therapy. These unstable tachyarrhythmias occurred 


despite intravenous therapy with lidocaine or procainam-_ 
ide in all eight of these patients; four patients had also 
received bretyllium. Of the remaining five patients, three 
had experienced at least one episode of tachycardia or 
fibrillation requiring cardioversion within 1 week of amio- 
darone, and all five had recurrent sustained but hemody- 
namically stable ventricular tachycardia immediately 
before amiodarone therapy. Four of the 13 patients had 
acute myocardial infarction within 1 to 4 days of receiving 
amiodarone; while all four of these patients had required 
direct current cardioversions within the 24 hours preced- 
ing amiodarone, it was possible to discontinue intravenous 
bretyllium therapy for 1 hour before initiation of amioda- 
rone in two patients and intravenous procainamide thera- 
py for 1 hour in one patient. In one patient bretyllium was 
discontinued 15 minutes before amiodarone administra- 
tion. Thus none of these four patients received concurrent 
antiarrhythmic therapy at the time of amiodarone admin- 
istration. Forty-three trials of antiarrhythmic therapy had 
been undertaken in these patients (Table I). None of the 
13 patients had received intrayenous or oral amiodarone 
previously. -` , , 

` Amiodarone dosing protocol. Amiodarone therapy was 
initiated in all patients with a bolus of 5 to 7.5mg/kg in 50 
ml of 5% dextrose infused over 15 to 20 minutes; nine 
patients received 300 mg, five received 450 mg, one 
received 500 mg, and one received 600 mg. This initial 
bolus was followed by an infusion of 10 mg/kg/24 hrs; this 
infusion rate was maintained for 24 hours in seven 
patients, 36 hours in two patients, 48 hours in four 
patients, and 72 hours in one patient. Two patients did 
not receive the maintenance infusion, one because of the 
precipitation of hemodynamic decompensation after the 
initial bolus and one because of physician preference. 
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Table Il. Hemodynamic effecis of intravenous amioda- 
rone 





BP HR PCW CO 
Control 118/69 87 + 10 22+ 11 5.4 + 1.2 
15 min 111/68- 77 + 10* 22+ 9 4.5 + 1.7* 
60 min 109/68 80+ 11 23412 4.5 + 1.6* 


BP = Arterial blood pressure in mm Hg; HR = heart rate; PCW = 
nary capillary wedge pressure; CO = cardiac output in L/min. . 
*p < 01. 


pulmo- 


ECG parameters. ECGs were recorded immediately 
before initiation of amiodarone dosing and 60 minutes 
after the initial bolus was given. PR intervals, QRS 
duration, and QT and corrected QT intervals were mea- 
sured. 

Blood levels. Samples for determination of plasma 
levels of amiodarone and desethylamiodarone were drawn 
in nine patients at the end of the initial bolus, at 15, 30, 45, 
and 60 minutes after the bolus, and at 2, 12, and 24 hours 

-after the bolus. Determination of plasma levels was per- 
formed by high-pressure liquid chromatography as previ- 
ously described. 

This protocol for emergency use of intravenous amioda- 
rone was approved by the Human Research Review 
Committee of the University of New Mexico and the 
Research Service of the Albuquerque Veterans Adminis- 
tration Medical Center; all patients signed informed con- 
sent before receiving amiodarone. 


RESULTS 


In 7 of the 13 patients, all episodes of sustained 
ventricular tachycardia and fibrillation were sup- 
pressed by amiodarone alone during the intravenous 
infusion; sustained tachycardia was terminated dur- 
ing bolus administration in one of these seven 
patients. In two additional patients, a recurrence of 
sustained but hemodynamically stable ventricular 
tachycardia occurred within 60 minutes of receiving 
the initial bolus; both patients were then given 
intravenous procainamide concurrent with the 
administration of amiodarone at the time of the 


recurrent episode of tachycardia. In one patient - 


procainamide was associated with tachycardia ter- 
mination, and in this patient no further episodes of 
ventricular tachycardia occurred during amiodarone 
and procainamide infusions. The second patient 
required overdrive ventricular pacing to terminate 
the tachycardia episode despite procainamide. This 
patient had three subsequent episodes of: stable 
ventricular tachycardia during the initial 4 hours of 
amiodarone therapy; after this initial period no 
further episodes of tachycardia occurred during 
amiodarone and procainamide infusions. Both of 
these patients had recurrent sustained tachycardia 
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Table Iil. ECG intervals in milliseconds before and 30 
minutes after amiodarone' loading 





PR QRS QT QTe 
Control 187+20 102+20 452+52 505+ 62 
30min 187420 102+25  480+42 595 +55 





in the presence of prolonged intravenous infusions 
of procainamide with therapeutic procainamide 
blood levels before receiving amiodarone. 

Of the remaining four patients, three had a recur- 
rence of ventricular tachycardia, and one developed 
severe ventricular dysfunction necessitating discon- 
tinuation of amiodarone. Ventricular tachycardia 
recurred in two patients within 2 hours of amioda- 
rone initiation; however, one of these patients did 
not receive an amiodarone infusion after the initial 
bolus. Both of these patients developed electrome- 
chanical dissociation after cardioversion and could 
not be resuscitated. A third patient had a recurrence 
of ventricular tachycardia after 36 hours of amioda- 
rone infusion that degenerated to fibrillation, and 
the patient could not be resuscitated. During the 36 
hours before fibrillation three episodes of hemody- 
namically stable tachycardia had occurred that were 
easily terminated by a single premature ventricular 
stimulation delivered at the right ventricular’ apex 
through an indwelling electrode catheter. This 
patient had a massive anteroseptal infarction with 
heart failure and before amiodarone had recurrent 
ventricular fibrillation. All three of these patients 
had required multiple direct current cardioversions 
for recurrent ventricular tachycardia and fibrillation 
within the 24 hours immediately before’ receiving 
amiodarone. 

Hemodynamics (Table ID. In 10 patients ejection 
fraction of the left ventricle was known before 
amiodarone administration. The mean ejection frac- 
tion for this group was 32%, with a range of 17% to 
52%; 9 of the 10 patients had ejection fraction 
<40%. Pulmonary artery catheterization with 
hemodynamic monitoring during intravenous infu- 


‘sion was performed i in seven patients; the remaining 


six patients had noninvasive measurement of arteri- 
al blood pressure and pulse rate only. Cardiac 
output fell significantly in six of the seven patients. 
with the initial bolus of amiodarone; this decline in 
cardiac output persisted at 60 minutes after the 
bolus and during the maintenance infusion. During 
this period there was- no change in pulmonary 
capillary wedge pressure. Heart rate also decreased 
significantly after the initial bolus. Although there . 
was a tendency for arterial pressure to fall, this did 


Volume 115 
Number 1, Part 1 


AMIODARONE LEVEL (mcg/ml) 
p 


0 15 30 45 60° 


IV amiodarone for VT 99 








we 24HR 


30 120 


MINUTES AFTER INFUSION 


Fig. 1. Amiodarone plasma levels in nine patients treated with intravenous dosing. 


not reach statistical significance. In two patients a 
decline in cardiac output and blood pressure during 
the initial bolus resulted in the use of dopamine for 
hemodynamic support; the amiodarone was discon- 
tinued in one patient: In contrast, the administration 


of amiodarone to one other patient with severe ven- ` 


tricular dysfunction treated with dopamine resulted 
in marked hemodynamic improvement such that 
dopamine was discontinued during the amiodarone 
infusion. 

ECG parameters (Table lli). Short-term administra- 
tion of intravenous amiodarone did not result in 
significant changes in ECG parameters, although 
there was a tendency for the QT and corrected QT 
intervals to prolong. 

Plasma levels (Fig. 1). Plasma levels of amiodarone 
and desethylamiodarone were determined in nine 
patients. The initial bolus resulted in high levels of 
amiodarone at the immediate end of bolus adminis- 
tration; these levels rapidly declined within 60 
minutes. Maintenance infusion administration 
failed to maintain levels of 1.0 mg/ml or greater in 
four of the nine patients at 60 minutes and in five 
patients at 120 minute after the initial bolus. 


DISCUSSION 


In this study we have demonstrated the efficacy of . 


intravenously administered amiodarone to control 
recurrent sustained ventricular tachycardia that had 
been ı resistant to: prior antiarrhythmic therapy. 


Although it is possible that antiarrhythmic efficacy 
of amiodarone was enhanced by concurrent use of 
other antiarrhythmic agents in some patients, the 
additive effect of concurrent antiarrhythmic agents, 
except in two patients, was probably minor. There 
was a definite response in one patient and probable 
response in one other patient when procainamide 
was added after the initial amiodarone bolus. Four 
other patients had received intravenous antiar- 
rhythmics within 1 hour of amiodarone, three of 
whom responded, and a synergistic cannot be com- 
pletely excluded. However, none of the four received 
further antiarrhythmics once amiodarone therapy 
had been initiated. It is also possible that the 
elimination of tachycardia could represent sponta- 
neous reduction. This is unlikely because of the 
recurrent episodes of tachycardia despite antiar-- 
rhythmic treatment that occurred in all patients 
during the 24 hours immediately preceding amioda- 
rone therapy. Our results also show that when 
administered intravenously, amiodarone can be 
used with caution in patients with significant ven- 
tricular dysfunction, but marked hemodynamic 
decompensation can occur. 

Our findings are similar to previous reports of the 
use of intravenous amiodarone. Morady et al.,” who 
used a dosing regimen similar to that used in the 
present study, reported control of ventricular tachy- 
cardia in 12 of 15 patients, none of whom had 
worsening of congestive heart failure. In treating 11 
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patients with refractory tachycardias, including 
eight with severe heart failure, Leak“ was able to 
control refractory arrhythmias in 10 patients with 
intravenous amiodarone without exacerbation of 
ventricular dysfunction. This latter study differed 
from the present report in that Leak used a slightly 
different bolus-dosing method and included 
patients with supraventricular tachycardia. Mostow 
et al. reported a study of 11 patients with complex 
ventricular arrhythmias who received amiodarone 
by infusion without initial bolus; significant sup- 
pression of arrhythmia frequency was achieved with 
amiodarone, and three of four patients with recur- 
rent sustained ventricular tachycardia-had these 
tachyarrhythmias suppressed." However, in this 
study two patients developed significant ventricular 
dysfunction. In contrast to these reports, Saksena et 
al. found that the use of intravenous amiodarone 
suppressed . spontaneous 
tachycardia in only five of nine patients; in 10 of 17 
patients sustained ventricular tachycardia inducible 
in the drug-free state remained inducible after 
intravenous amiodarone.” 

' Differences have been reported in the electro- 
physiologic effects induced by amiodarone when 
administered on a short-term basis by the intrave- 


nous route compared with long-term oral therapy. - 


After intravenous administration the major electro- 
physiologic effects of amiodarone in both animals 
and humans have been prolongation of sinus and 
atrioventricular nodal conduction and refractori- 
ness‘ with no effect on His-Purkinje conduc- 
tion’? and no effect or slight prolongation of 
ventricular refractoriness.*"* In contrast, the long- 
term administration of amiodarone results in pro- 
longation of atrial and ventricular muscle refractori- 
ness, 1° as well as lengthening of action potential 
duration in isolated tissue preparations.” It 
should be noted that these differences are between 
the immediate effects of amiodarone when given 
parenterally and long-term effects when given oral- 
ly; there are little data regarding electrophysiologic 
effects of very high-dose short-term oral administra- 
tion. Several factors have been postulated to 
account for these electrophysiologic differences, 
including rapid myocardial accumulation when giv- 
en intravenously the influence of the metabolite 
desethylamiodarone on long-term electrophysiologic 
effects, and the development of hypothyroidism as 
mediator of the long-term  electrophysiologic 
effects.” 

Hemodynamically, the intravenous administra- 


tion of amiodarone can result in significant ventric-. 


ular dysfunction and hypotension.” This may be a 


sustained ventricular’ 


January 1988 
American Heart Journal 


result of direct negative inotropic effects of amioda- 
rone,” the development of alpha- and beta-adren- 
ergic blockade,” and bradycardia. In addition, the 
vehicle in which amiodarone is dissolved (polysor- 
bate 80) has been found to have negative inotropic 


- effects in the dog® and thus might contribute to 


hemodynamic compromise. Conversely, the vasodi- ` 
lating effects of amiodarone may offset these nega- 
tive inotropic effects and result in maintenance of 
cardiac output.” Consistent with these findings we 
observed a significant decrease in cardiac output, 
including the necessity of using dopamine to tran- 


- siently maintain cardiac output in two patients. 


It is important to discuss the dosing regimen used 
in this study because of the possible implications for 
adverse effects related to amiodarone. With the 
loading bolus used, very high blood levels were 
attained very early; these rapidly declined to low or 
subtherapeutic levels despite a concurrent mainte- 
nance infusion. Furthermore, hemodynamic decom- 
pensation occurred only during and immediately 
after the initial bolus and did not occur in any 
patient on maintenance infusion. This suggests that ` 
the initial bolus of 5 to 7.5 mg/kg may be too large 
and that a lower initial dose of amiodarone might be 
as effective in suppressing tachycardia without 
hemodynamic compromise. In addition, the subse- 
quent maintenance infusion, based on amiodarone 
blood levels at 60 and 120 minutes, appears too low, 
at least initially. This might account for the recur- 
rence of ventricular tachycardia within 1 to 2 hours 
after initiation of amiodarone in three patients. 
Mostow et al." used a loading infusion over 12 hours 
to rapidly achieve and maintain therapeutic blood 
levels; this loading infusion was higher than our 
maintenance infusion. However, it is not clear how 
quickly therapeutic levels were-in fact achieved in 
the study of Mostow et al. Thus the dosing regimen 
used in the present study, while effective on a 
short-term basis, is probably not an optimal method 
for intravenous dosing and should be modified to 
include a lower initial bolus and a higher initial 
infusion rate. It should be pointed out that this 
regimen is commonly used and is the recommended 
method of intravenous administration of amioda- 
rone (McCafferty E. Sanofi, Inc., Personal commu- 
nication). 

In conclusion, we have shown that when adminis- 
tered intravenously, amiodarone can be rapidly 
effective in suppressing ventricular tachycardia that 
has not responded to other antiarrhythmic agents. 
However, intravenous amiodarone must be used 
with caution because of the potential for significant 
adverse effects, the most serious of which is the 
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precipitation of severe left ventricular dysfunction. 
Intravenous administration of amiodarone in. 
patients with heart disease should be undertaken 
only in the presence of adequate hemodynamic. 
monitoring, including pulmonary artery catheteriza- 
tion. Of further concern in our study was. the 
occurrence of electromechanical dissociation in two 
patients with 12 hours. of initiation of amiodarone. 
While the role of amiodarone in precipitating this 
problem is undefined, electromechanical dissocia- 
tion had not occurred in either patient before amio- 
darone despite multiple episodes of ventricular 
tachycardia requiring direct current cardioversions. 
Our data also suggest that the initial loading dose 
used in this protocol may be too high and may have 
contributed to the occurrence of adverse effects; 
further work is indicated to define optimal dosing 
regimens for the intravenous use of amiodarone. 


We acknowledge the secretarial assistance of Sophie Gutier- 
rez. 
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Clinical and electrophysiologic effects of 
amiodarone in patients with atrial fibrillation 
complicating the Wolff-Parkinson-White 


syndrome 


The clinical ‘and electrophysiologic effects of oral amiodarone were evaluated in 10 patients with - . 4 
a history of spontaneous atrial fibrillation and a rapid ventricular response, complicating the 
Wolff-Parkinson-White syndrome. Five patients developed ventricular fibrillation during an f 
episode of atrial fibrillation. Seven patients underwent electrophysiology study and arrhythmia 
Induction, both before and during chronic amiodarone treatment. During a mean 30 months of. 
follow-up (range 8 to 59 months), no recurrences of atrial fibrillation or ventricular fibrillation _ 
were noted. One patient had recurrent supraventricular tachycardia and underwent surgery. One 
had serious and five had minor side effects. Arrhythmia suppression was associated with i 
prolongation of the anterograde accessory pathway (+38%, p < 0.01) and atrial (+34%, p < 0.01) 
effective refractory periods. Amiodarone also slowed the ventricular response to Induced atrial 
fibrillation, prolonging the mean (+90%, p < 0.01) and minimum (+104%, p = 0.01) R-R intervals. 
Thus, amiodarone is a safe ‘and effective alternative for arrhythmia prevention if surgery is i 
Inadvisable ‘or is not desired by the patient. (Am Heart J 1988;115:102.) 


Gregory K. Feld, M.D., Koonlawee Nademanee, M.D., William Stevenson, M.D., 
James Weiss, M.D., Thomas Klitaner, M. D., and Bramah N. Singh, M.D. 


Los Angeles, anys: 


Numerous studies have confirmed the high degree of | 
efficacy of chronic oral amiodarone therapy in the - 


treatment of a variety of refractory supraventricular 
arrhythmias.’* In patients with atrial fibrillation 
complicating the Wolff-Parkinson-White syndrome, 
particularly in those with a short anterograde acces- 


sory pathway refractory period, serious hemody- : 


namic compromise or ventricular fibrillation result- 
ing from a rapid ventricular response may occur.’*” 
In these patients, standard antiarrhythmic agents 
are frequently ineffective in prolonging the accesso- 


ry pathway refractory period. As a result, surgi- 
cal section of the accessory pathway may be recom- > 


mended." However, earlier reports! 1 suggest 
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that amiodarone has a greater degree of efficacy 


_ than other antiarrhythmic agents in preventing 


recurrences of atrial fibrillation in the Wolff-Parkin- 


son-White syndrome and in slowing the ventricular 


. 


response in the event of recurrence. Thus, in 
patients in whom surgery is declined or in whom it 
may not be deemed advisable for other reasons, such 


as a serious associated medical illness, amiodarone | 


may be a safe and effective alternative. 

The main objectives of this study, therefore, were 
to determine the long-term efficacy of oral amioda- 
rone in patients with a history of. atrial fibrillation 
complicating the Wolff-Parkinson-White syndrome 
and to correlate the electrophysiologic changes 
induced by amiodarone with the | observed . Te- 
sponse. ; . 


METHODS 


Patients. Ten patients with a history of spontaneous 
atrial fibrillation and a rapid ventricular response associ- 
ated with an accessory pathway were studied (Table I). 


Nine patients also had a history of spontaneéus episodes , 


of supraventricular tachycardia and two had episodes of 
atrial flutter. Five of these patients additionally had an 


- episode of ventricular fibrillation complicating an episode 


of atrial fibrillation, one of which occurred following 


>a 


ba- 
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Table I. Clinical characteristics of 10 patients with atrial fibrillation complicating the Wolff-Parkinson-White 








syndrome 
Age (yr) 

Case no. & sex Arrhythmias 
1 28 M AFIB,AFL,SVT 
2 31 F AFIB,SVT,VF 
3 46 F AFIB,SVT,VF 
4 20 F AFIB,SVT,VF 
5 37M ‘ AFIB,SVT 
6 25 M AFIB 
7 53 M AFIB,SVT 
8 53M AFIB,AFL,SVT 
9 21M AFIB,SVT,VF 

10 oF AFIB,SVT 
Mean 32 +14 - 








Duration of 


arrhythmias Prior drugs Location 
(yr) failed accesory pathway* 
8 Q,PA,V,P Left lateral 
13 PA,Q Left lateral 
40 PA,V,D Left lateral 
10 PA 5 Left lateral 
5 PA,P,&,L,D Left lateral 
15 Q.PA,L Left septal 
43 Q,D,P,¥ Left lateral 
20 PA,Q — 
12 D,V Left & right 
5 Q Left & right 
17 + 13 2.7 + 13 








AFIB = atrial fibrillation; AFL = atrial flutter; D = digoxin; F = female; L = lidocaine; M = male; P = propranolol; PA = procainamide; Q = quinidine; 
SVT = orthodromic or antidromic supraventricular tachycardia; V = verapamil; VF = ventricular fibrillation. 


*Demonstrated by electrophysiologic studies. 


administration of intravenous verapamil during atrial 
fibrillation. In these patients, the arrhythmias had been 
refractory to one or more antiarrhythmic drugs (average 
2.7 drugs per patient). Before study and treatment with 
amiodarone, all previous antiarrhythmic drugs were with- 
drawn for at least 5 half-lives. A complete history and 
physical examination, routine blood and urine examina- 
tion, thyroid function tests, chest roentgenogram, and 
12-lead ECG were performed. 

Electrophysiologic study. Baseline electrophysiologic 
studies were performed in 9 of 10 patients with methods 
previously described.” One patient with recurrent sponta- 
neous episodes of atrial fibrillation and flutter and ortho- 
dromic supraventricular tachycardia did not undergo 
baseline electrophysiologic study. Atrial fibrillation was 
induced by premature atrial stimulation (S,S.) or rapid 
atrial pacing after all other baseline measurements were 
made. Induced atrial fibrillation was considered sustained 
if it did not revert to sinus rhythm within 5 minutes. The 
minimum and mean R-R intervals during atrial fibrilla- 
tion or flutter were determined by analyzing the record- 
ings over a 1-minute time interval. Atrial fibrillation was 
then converted to sinus rhythm by standard measures. 

Following baseline electrophysiology study and initia- 
tion of amiodarone therapy (see below), seven patients 
consented to repeat electrophysiologic study, which was 
performed in a manner identical to that of the control 
study after at least 4 weeks of oral amiodarone loading. 
Two patients declined repeat study. 

Drug treatment protocol. The nine adult patients were 
treated with oral amiodarone at a dose of 800 to 1600 
mg/day (in two divided doses) for 2 weeks, then 600 to 800 
mg/day for an additional 2 weeks, followed by a 200 to 400 
mg/day maintenance dose thereafter. The one pediatric 
patient was treated initially with 400 mg/day and then 
with a 200 mg/day maintenance dose. During the treat- 
ment period, each patient’s laboratory studies, history, 


and physical examination were repeated at regular inter- 
vals to assess for drug efficacy and toxicity. 

Statistical analysis. Data are presented for individual 
patients as well as for the study group as a whole as mean 
values + 1 standard deviation. Statistical significance of 
the differences of means before and during treatment was 
determined with Student’s two-tailed ¢ test for paired 
data, with probability (p) <0.05 as the limit of signifi- 
cance. This study was approved by the Wadsworth Veter- 
ans Administration Hcspital and by the Center for the 
Health Sciences, Committees on Studies in Human Sub- 
jects. 

RESULTS 


Clinical outcome and drug side effects. In these 10 
patients with a history of spontaneous atrial fibrilla- 
tion and a rapid ventricular response complicating 
the Wolff-Parkinson-White syndrome, no recur- 
rence of atrial fibrillation or ventricular fibrillation 
was noted during a mean follow-up period of 30 
months (range 8 ta 59 months) during chronic 
amiodarone therapy (Table II). One patient had a 
recurrence of orthodromic supraventricular tachy- 
cardia at 24 months and underwent: surgical section 
of the accessory pathway. This patient also had 
possible neurologic toxicity from amiodarone in the 
form of fatigue and tremor. Thus, in this group of 
patients, only one (10%) had an arrhythmia recur- 
rence during amiodarone therapy and only one 
(10%) had serious side effects. However, five 
patients (50%) developed minor side effects includ- 
ing skin photosensitivity (four patients), alteration 
in vision due to corneal deposits (one patient), and 
gastrointestinal discomfort (one patient). Seven 
patients were maintained on 400 mg/day and three 
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Table IL. Clinical outcome and side effects of amiodarone 
in the treatment of atrial fibrillation and flutter compli- 
cating the Wolff-Parkinson-White syndrome 





Duration 
Maintenance free of 
Case dose Side arrhythmias Follow- 
no. (mg/day) effects (mos) up 
i 200 Skin 45 Continues 
2 400 Skin, eye 33 Continues 
3 200 Neurologic 24 Surgery 
4 400 GI 15 Continues _ 
5 400 Skin 53 Continues 
6 400 Skin 36 Continues 
7 400 None 35 Continues 
8 400 None 15 Continues 
9 400 None 14 Continues 
10 200 Skin 8 Continues 
Mean 30 + 17 





Eye = halo vision; GI = gastrointestinal; mos = months; Neurolog- 
ic=tremor and fatigue; Skin = photosensitivity; Surgery = accessory 
pathway interruption. 


on 200 mg/day of amiodarone during long-term 
follow-up. 


Effects of amiodarone on induced atrial fibrillation’ 


during electrophysiologic study. The data are summa- 
rized in Table III. Seven of nine patients with 
inducible sustained atrial fibrillation during base- 
line electrophysiologic study underwent repeat 
study after at least 4 weeks of oral amiodarone 


therapy; two declined restudy. The baseline mean 


R-R interval during atrial fibrillation was 260 + 49 
msec (range 214 to 357 msec), corresponding to a 
mean ventricular rate of 230 bpm. The baseline 
minimum R-R interval was 201 + 46 msec. During 
_amiodarone treatment, the mean R-R interval 
increased by 90% (p < 0.01), corresponding to a 
mean ventricular rate of only 122 bpm. There was a 
similar increase in the minimum R-R interval of 
104% (p < 0.01). In two of the seven patients with 
inducible sustained atrial fibrillation at baseline, the 
arrhythmia was no longer inducible during treat- 
ment. 


Effect of amiodarone on refractoriness of the atrium, 


AV node, and accessory pathway. The data are sum- 
marized in Table IV. In those patients in whom an 
exact measurement could be made (six patients), the 
atrial effective refractory period was increased by 
34% from a baseline value of 218+ 18 msec 
(p < 0.01). The anterograde accessory pathway 
effective refractory period appeared to be increased 
in all cases, but could be measured exactly in only 
three patients after amiodarone and in only two 
before amiodarone. Calculating from the minimum 
observed value during the control period in these 
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patients, the anterograde effective refractory period 
of the accessory pathway was increased by at least 
88% from a baseline value of 273 + 20 msec 
(p < 0.01). The atrioventricular (AV) nodal effective 
refractory period appeared to be increased in all 
cases, but the exact value could not be determined in 
enough cases to allow for statistical analysis. 


DISCUSSION 


Our data demonstrate that chronic oral amioda- 
rone therapy uniformly prevented recurrences of 
atrial fibrillation with a rapid ventricular response 
in patients with the Wolff-Parkinson-White syn- 
drome. The antiarrhythmic action of amiodarone 
correlates. with the prolongation of the atrial and 
accessory pathway refractory periods. 

Antiarrhythmic efficacy of amiodarone in comparison 
to previous studies. Amiodarone has been reported to 
have a variable degree of efficacy in the suppression 
of atrial fibrillation in patients with the Wolff- 
Parkinson-White syndrome. Ward et al.? and Kap- 
penberger et al.” noted a 50% to 60% incidence of 
arrhythmia suppression, in contrast to Rowland and 


_Krikler' and Rosenbaum et al.,“° who reported a 


100% incidence of suppression. The reasons for this 
variability are not clear, but they may be due to 
differences in the proportion of refractory vs previ- 
ously untreated patients in the study populations,” 
to the dose and duration of therapy, or to the initial 
length of the accessory pathway refractory period.” 
It has been our experience® that the efficacy of 
amiodarone may in part be related to both the 
loading dose and to the duration of therapy. 
Patients treated by Ward et al.“ and by Kappen- 
berger et al.” received a smaller loading dose of 
amiodarone (e.g., 600 mg/day for 1 week, then 400 
mg/day for an additional week, then 200 mg/day 
maintenance dose) than our own patients or those of 
Rowland and Krikler' (600 mg/day for 1 month, 
then 400 mg/day for a further month, then 200 
mg/day maintenance dose). Furthermore, the dura- 
tion of therapy (<4 weeks) was shorter in the study 
by Ward et al.? than in that of Rowland and Krikier’ 
or in our own study before the assessment of effica- 
cy. The studies reporting incomplete suppression of 
arrhythmias did, however, show a reduction in the 
frequency and severity of episodes when these epi- 
sodes recurred during amiodarone therapy.” In 
view of the exceedingly long elimination half-life of 
amiodarone (30 to 60 days), without a substantial 
loading dose an optimal electrophysiologic or clini- 
cal effect might not be seen for weeks to months 
after the initiation of therapy.” ** Our data confirm 
that with an adequate loading dose and duration of 
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Table Ill. Effects of oral amiodarone on induced atrial fibrillation in patients with Wolff-Parkinson-White syndrome 








Minimum R-R interval 





(msec) 
Case no. Contral Amio 
1 170 480 
3 160 530 
4 160 300 
5 280 350 
6 260 NA 
7 170 240 
9 210 560 
Mean + SD 201 + 46 410* + 126 








Mean R-R interval Atrial fibrillation 





(msec) (S/NS) 
Control Amio Control Amio 
274 500 S S 
231 667 S S 
222 337 S NS 
357 480 S S 
300 NA S NS 
214 364 S S 
222 619 S S 
260 + 49 495* + 121 





Amio = amiodarone; NA = data not available; NS = nonsustained; S = sustained; SD = 1 standard deviation. 


*=p<0.0L 


Table IV. Electrophysiologic effects of amiodarone in patients with atrial fibrillation and flutter complicating the 





Wolff-Parkinson-White syndrome 


Atrial ERP AP ERP (ante) AV node ERP 
(msec) (msec) (msec) 
Case no Control Amio Control Ario Control Amio 
1 240 260 <260 <330 260 <330 
3 210 270 270 420 <245 <380 
4 220 350 280 <390 <280 <390 
5 210 280 250 370 220 300 
6 _ 240 330 <300 340 NA NA 
9 190 260 <240 <2a40 NA NA 
Mean + SD 218 + 18 292* + 20 278 + 33 877* + 33 ~~ — 
(n = 6) (n = 6) (n = 8) {n= 8) — — 








Amio = amiodarone; ante = anterograde; AP = accessory pathway; AV = atrioventricular; ERP = effectiv2 refractory period; NA = data not available. 


*2p<0.01. 


therapy, complete suppression of severe or life- 
threatening atrial fibrillation complicating the 
Wolff-Parkinson-White syndrome may be achieved 
with amiodarone. 

Electrophysiologic effects of amiodarone. In our 
patients, amiodarone produced a significant 
increase in the atrial (+34%) and anterograde acces- 
sory pathway (+38%) effective refractory periods, 
which was associated with a marked increase in 
minimum (+104%) and mean (+90% ) R-R intervals 
during induced atrial fibrillation. These effects were 
observed regardless of the baseline length of the 
accessory pathway refractory period. These data are 
similar to those obtained in a previous study in our 
laboratory,’ but are in contrast to those obtained in 
the laboratory of Wellens et al.,? where accessory 
pathways with short refractory periods (<300 msec) 
were not affected significantly by amiodarone. A 
possible explanation for this difference is that our 
patients again received a larger loading dose of 
amiodarone for a longer period of time before repeat 


electrophysiologic study, compared to those of Wel- 
lens et al.“ Thus, the prolonged high loading dose 
significantly increased the refractory periods of the 
accessory pathways in all of our patients, regardless 
of the baseline length of these refractory periods. 

The greater degree of slowing of the mean ventric- 
ular response to atrial fibrillation (490%) in com- 
parison to the degree of prolongation of the accesso- 
ry pathway refractoriness (+38%) may in part be 
due to the known frequency-dependent effects of 
amiodarone on conduction velocity in myocardi- 
um,” although this cannot be measured clinically 
in the accessory pathway. The data demonstrate a 
substantially greater effect of amiodarone than was 
reported by Kappenberger et al.” or by Rowland et 
al.,+18 in their patients. Again, these differences may 
be due to the higher loading dose used in our 
patients and to the longer duration of therapy before 
restudy. 

However, despite the high loading dose, the inci- 
dence of side effects in our patients was similar to 
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that previously reported,)?" with 10% of patients 
developing serious side effects requiring discontinu- 
ation of therapy and 50% developing minor side 
effects. ara 
Mechanisms of action of amiodarone. Various fac- 
tors may predispose to the development of atrial 
fibrillation in the Wolff-Parkinson-White syn- 
drome, including the presence of short atrial and 
accessory pathway effective refractory periods, and 
the occurrence of initiating arrhythmias such as 
premature atrial or ventricular contractions and 
reentrant supraventricular tachycardia.’ Fur- 
thermore, the rapidity of the ventricular response to 
atrial fibrillation in the Wolff-Parkinson-White syn- 
drome correlates well with the duration of the 


accessory pathway refractory period.” It has been 


shown” that prolongation of accessory pathway 
refractoriness or depression of conduction velocity 
will lead to slowing of the ventricular response to 
atrial fibrillation, which may reduce the risk for 
development of ventricular fibrillation. In contrast, 
selective prolongation of the AV node refractory 
period or conduction velocity, as induced by vera- 
pamil for example, may lead to acceleration of the 
ventricular response and may increase the risk of 
ventricular fibrillation.” ” ; 
Amiodarone prolongs refractoriness in the atrium, 
ventricle, AV node, and accessory pathway, and 
produces a frequency-dependent depression of con- 
duction velocity in myocardium.!** In addition, 
amiodarone potently suppresses ectopic beats and 
supraventricular tachycardia that may initiate atrial 
fibrillation in the Wolff-Parkinson-White syn- 
drome.®*° Thus, the most likely mechanism of 
action of amiodarone in the prevention of atrial 
fibrillation in the Wolff-Parkinson-White syndrome 
is its uniform prolongation of myocardial and acces- 
sory pathway refractoriness.’ ** This may produce a 
direct atrial antifibrillatory effect,!* but it will also 
lead to suppression of initiating arrhythmias.® %3 In 
the prevention of a rapid ventricular response to 


atrial fibrillation and ventricular fibrillation, the 


likely mechanisms of action of amiodarone are the 
prolongation of the accessory pathway refractory 


period and possibly the frequency-dependent ` 


depression of conduction velocity in the accessory 
pathway. "5% Few other antiarrhythmic agents 
have such a pronounced and broad spectrum of 
action as amiodarone, which must ‘account for its 
greater efficacy in these patients. 

Clinical implications. Oral amiodarone is effective 
in preventing the recurrence of atrial fibrillation in 
patients with the Wolff-Parkinson-White syndrome 
and in preventing the rapid ventricular response 
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that might otherwise lead to ventricular fibrillation. 
The incidence of serious side effects was low in 
patients receiving a 200 to 400 mg/day maintenance 
dose, after initial high-dose loading. Thus, in 
patients where surgical section of the accessory 
pathway is declined or inappropriate, oral amioda- 
rone is a highly effective pharmacologic alternative, . 
regardless of the length of a patient’s baseline 
accessory pathway refractory period or a prior histo- 
ry of treatment failure with standard antiarrhyth- 


mic agents. 


We are grateful to the technical and nursing staffs of the 
electrophysiology laboratories of both Wadsworth Veterans 
Administration Hospital and the UCLA Center for the Health 
Sciences. We are also indebted to Clara M. Pruitt, R.N., and 
Joanne Hendrickson, B.S., for their nursing and administrative 
skills in thé management and follow-up of these patients. 
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Utility of the signal-averaged electrocardiogram 5 
in patients presenting with sustained ventricular K 
tachycardia or fibrillation while on an 
antiarrhythmic drug . | 


The utility of the signal-averaged electrocardiogram (SAECG) for predicting ventricular : 


tachycardia (VT) induction In patients presenting with. sustained VT. or ventricular fibrillation (VF). 


while on an empirically chosen antiarrhythmic agent was assessed in 17 patients. At the time of 
presentation with a malignant arrhythmia, 12 patients were taking quinidine, three patients were 


taking procainamide, and two patients were taking flecainide. All patients underwent . È 
programmed ventricular stimulation when not taking antiarrhythmic drugs; 12 patients had. no 
inducible sustained VT-and five patients. had inducible sustained monomorphic VT. The SAECG: 
‘done in the control state without antiarrhythmic agents was negative for late potentials in -11 of 
12 patients in the noninducible group and positive for. late „potentials in four of five patients in 
the inducible group (sensitivity = 80% and specificity = 92%). We conclude that in patients 
presenting with life-threatening ventricular arrhythmias while taking an antiarrhythmic drug, the 
SAECG distinguishes patients with possible proarrhythmic events from’ those who have the . 

` substrate for inducible sustained VT. (Añ Heart a 1988;115: 108.) 


Peter C. Nalos, N MD., Eli F Gang: MD., wia J. Mandel, M-D.,- - 
Mark R. Myers, M.D., Daniel S. Oseran, M.D., p Toran Lass, M.D., and 


Thomas Zee M. D. Los Haia Calif. 


The Jai T PENE AA (SAECG) 


has been shown. to be a useful technique for identi- 
` fying patients who will have ‘spontaneous ventricular 


tachycardia (VT) and inducible VT (with pro- 
grammed ventricular stimulation). pte This noninva-. 


sive test has previously been applied to patients with 


and without coronary artery disease and to patients. 


presenting with syncope, nonsustained or sustained. 
VT; and survivors of sudden death.” The purpose 
of this study was to evaluate the utility of the 


SAECG in patients presenting with sustained VT or | 
(VF) while taking an antiarrhythmic agent. Specifi- 


- cally, our aim was to assess the ability of the SAECG 
to predict the induction of sustained VT -in this 
patient subset and thereby to distinguish between 


whether an antiarrhythmic agent had proarrhyth- i 
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mic effects or whether the substrate for VT was 
already present prior to the administration of a 
potentially proarrhythmic agon 
METHODS ` i ; 

Two- hundred Flew een consecutive - ‘patients referred l 


„for electrophysiology studies between July, 1985, through 


November, 1986, were the subject of this study. Patients 
were included if they presented with á diagnosis: of- 
sustained monomorphic VT, VF, or sudden cardiac death 
while taking an antiarrhythmic agent and who alsó had an . 
SAECG performed. Patients. taking amiodarone at ‘the 


_ time of the spontaneous arrhythmia were excluded due to 
` the long half-life of this agent. Patients with nonsustained 


polymorphic ventricular arrhythmias while taking an anti- 
arrhythmic agent were excluded, as were patients with 


` these arrhythmias. associated with acute myocardial 


infarction. ; 
Programmed veritricular stimulation protocol. | Pa- 
tients were studied while not taking antiarrhythmic, 
agents for at least 5 half-lives and sedation was provided 
by a benzodiazepine preparation. A quadripolar electrode 


catheter was introduced percutaneously from the femoral, 


vein after local anesthesia and was advanced to the apex of 


. the right ventricle for stimulation and recording. Fre-. 


quently other electrode catheters were positioned in the 
high right atrium ‘and in the region of the His bundle. . 
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Fig. 1. Signal-averaged electrocardiograms before and after antiarrhythmic agents in patient No. 2 (A 
and B) and patient No. 12 (C and D). A and B, Tracings A and B are obtained with method A and show no 
late potentials before or after antiarrhythmic therapy. Quinidine has no significant effect on the terminal 
QRS duration below 20 uV (D < 20 uV) but prolongs the filtered QRS duration from 103 to 113 msec. C 
and D, Tracings C and D are obtained with method B and show the effects of quinidine in prolonging late 
potential duration below 40 uV (D < 40 uV) from 28 to 39 msec and filtered QRS duration from 129 to 137 
msec, and in decreasing the root mean square voltage (RMS) in the last 40 msec from 41 to 22 nV. Only 


tracing D meets criteria for an abnormal SAECG. 


Recordings were made with a multichannel recorder (VR- 
12, Electronics for Medicine/Honeywell Inc., Pleasant- 
ville, N.Y.) and included three surface leads and at least 
one intracardiac lead (right ventricular electrogram) at 
paper speeds of 25, 50, and 100 mm/sec. Stimulation was 
performed with a programmable stimulator (Bloom Asso- 
ciates, Ltd., Reading, Pa.). The stimulation protocol used 
in this study consisted of burst pacing at cycle lengths 
from 600 to 300 msec (in 50 msec decrements) and 
progressive introduction of three ventricular extrastimuli 
at two pacing rates (initially at 550 or 500 msec, followed 
by 400 msec). Pacing was performed at twice diastolic 
threshold with a pulse width of 2 msec from the right 
ventricular apex. If no sustained ventricular arrhythmias 
were induced from the right ventricular apex, the pacing 
protocol was repeated from the right ventricular outflow 
tract in all patients. The end points of the study were the 
induction of sustained monomorphic VT, VF, or the 


completion of the above protocol, when ventricular refrac- 
toriness was reached. No patients received left ventricular 
stimulation in this study. 

Signal-averaged electrocardiogram. The SAECG was 
obtained while the patients were not receiving antiar- 
rhythmic agents with one of the following two instruments 
(based on availability): method A—HRC-3 (Fidelity Med- 
ical, Inc., Millburn, N.J.)27% or method B—101 PC 
(Arrhythmia Research Technology, Bellevue, Wash.).25* 
Standard orthogonal bipolar X, Y, and Z leads were used 
with both methods. Signal-averaging of 128 (method A) or 
200 (method B) ECG cycles was performed and a template 
recognition algorithm for rejection of abnormal or noisy 
complexes was employed. In method A, high-pass filtering 
of the ECG signal was performed at 100 Hz and a low-pass 
frequency of 400 Hz. The filter used for this purpose was a 
single-pole (6 dB/octave) analog filter. Results of signal 
processing were recorded on a Marquette electrocardiog- 
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Table |. Patient characteristics 





Patient Age Sex Diagnosis Arrhythmia 
EN. 64 F RHD:AVR,MVR VFib 
J.K. 70 F RHD:MVR SCD 
LD. 57 F RHD:MVR VT 
L.T. 55 F RHD:MVR,CABG vT 
AW. 78 M CAD,CABG VT 
F.W. 77 M CAD VT 
TH. 69 F CAD VT 
M.O. 75 F ‘Myocarditis VT 
Y.A. 60 M CAD,CABG SCD 
N.K. 75 F AVR,CABG VFib 
J.W. 42 M LVH © VT 
B.K. 78 F RHD:MVR,CABG SCD 
J.S. 71 M CAD VT 
AS. 62 M  CAD,CABG VT 
C.C 44 M CAD VFib 
C.P. 76 M CHF VT 
T.B. 62 F CAD,CABG VT 
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Drug Level MI EF AN PES SAECG 
Quinidine — — 0.73 — — — 
Quinidine — — 0.68 — ~~ _ 
Quinidine — Inf 0.20 — — — 
Quinidine 2.9 — 0.50 — — ~ 
Quinidine 1.0 Inf 0.30 + — + 
Quinidine 2.0 Ant 017 — — —_ 
Procainamide — Ant 0.40 + — — 
Procainamide — — 0.18 — —— _ 
Quinidine — Inf 036 — — ——- 
Quinidine — — 0.50 — — — 
Flecainide . — — 0.51 — — ~ 
Quinidine — Inf 0.43 — — _ 
Quinidine 5.8 Inf 0.15 + + + 
Flecainide — Ant 031 — + + 
Quinidine 3.6 Ant 0.26 — + + 
Procainamide 3.7 — 0.40 — + — 
Quinidine 2.7 Ant 029 — + + 





AN = left ventricular aneurysm; Ant = anterior, AVR = aortic valve replacement; CABG = coronary artery bypass grafting; CAD = coronary artery disease; 
CHF = congestive heart failure; EF = left ventricular ejection fraction; Inf = inferior; Level = expressed in mg/dl where available; LVH = left ventricular 
hypertrophy; MI = myocardial infarction; MVR = mitral valve replacement; PES = programmed electrical stimulation (+ or — depending on the induction 
of sustained monomorphic VT); RHD = rheumatic heart disease; VFib = ventricular fibrillation; VT = sustained ventricular tachycardia: SAECG = signal- 


averaged ECG results; SCD = sudden cardiac death. 


raphy cart (Marquette Electronics Inc., Milwaukee, Wisc.) 
at an effective time-base resolution of 200 mm/sec. Indi- 
vidual X, Y, and Z leads were simultaneously displayed in 
both the filtered and unfiltered modes, as was a composite 
QRS that represented the summing of the absolute values 
of the X, Y, and Z leads and was displayed at gain 
selections of 0.83 and 1.83 nV/‘mm. In method B, high-pass 
filtering of the ECG signal was performed at 25 Hz and 
with a low-pass filter of 250 Hz using a four-pole Butter- 
worth filter (24 dB/octave). Individual X, Y, and Z leads 
were simultaneously displayed in both the filtered and 
unfiltered modes, as was a composite lead obtained by 
taking the square root of the sum of the squares of the 
individual leads. All measured values from signal-aver- 
aged electrograms were obtained by two individuals (one 
blinded). Mean intra- and interobserver variability in the 
filtered QRS duration was +5 msec and for late potential 
amplitude it was +1 uV. The correlation coefficient for 
filtered QRS duration comparing methods A and B was 
r = 0.98 and the concordance between methods was about 
80% in a study of 82 patients.” The following measure- 
ments were then performed: (1) Filtered composite QRS 
duration (msec), terminal QRS duration <20 nV (msec), 
and number of high-frequency deflections in this terminal 
composite QRS portion (Method A).' (2) Filtered 
composite QRS duration (msec), root mean squared volt- 
age (aV) in the last 40 msec of the QRS complex (calcu- 
lated automatically), and the duration below 40 4V in the 
terminal QRS region (Method B).258 (3) Measurements 
of the longest unfiltered QRS complex (QRSu) in the X, 
Y, or Z leads or in the composite lead, which was displayed 
on a scale of 20 »V/mm. 


Definition of terms 

1. Sustained monomorphic VT was defined as VT 
lasting more than 30 seconds or requiring an intervention 
prior to this because of hemodynamic collapse. The cycle 
length had to be constant and =200 msec and the 
morphology unchanging from beat to beat." 

2. The SAECG was considered abnormal in method A if 
all of the following were present: (a) total filtered compos- 
ite QRS duration was greater than 120 msec; (b) duration 
of the filtered terminal QRS complex <20 uV was longer 
than or equal to 30 msec; and (c) one or more discrete late 
potentials were seen in this terminal QRS region (Fig. 1, A 
and B)."’ With method B, criteria for abnormality includ- 
ed both: (1) a total filtered composite QRS duration 
greater than 120 msec and (2) a root mean square (RMS) 
value less than 25 „V in the terminal 40 msec of the QRS 
complex (Fig. 1, C and D).253 

3. A proarrhythmic drug effect was defined in this 
study as the inability to induce sustained monomorphic 
VT in the control state in a patient presenting with 
sustained VT or VF or sudden cardiac death while taking 
an antiarrhythmic agent. 

4, Statistical comparison of values between inducible 
and noninducible patients were made with the unpaired t 
test, with significance set at the 0.05 level. 


RESULTS 


Eighty-one of the 292 patients in the study group 
presented to the hospital with a diagnosis of sus- 
tained VT, VF, or sudden cardiac death. Seventeen 
of these 81 patients (21%) were taking an antiar- 
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D < 20 pV = terminal QRS duration below 20 N (msec); D < 40 gV = terminal QRS douen below 40 nV CEES VoD- intraventricular conduction 


disturbance; LBBB = 


left bundle branch block; QRS-u = unfiltered QRS duration; QRS-f = filtered QRS duration; QT, = corrected QT interval off 


antiarrhythmic agents; RMS = root mean squared voltage in the terminal. 40 msec in the filtered QRS compia No. Def = ibe number of terminal 
' deflections i in ithe filtered QRS ae below the cutoff ee amplitude. - . 


rhythmic agent at the time of presentation (Table I). 
' The clinical presenting arrhythmia-was sustained 
_ monomorphic VT in 11 patients and sudden cardiac 


death or. documented VF in the remaining six.. 


- ‘patients. Six of these patients had rheumatic heart. 


disease or calcific aortic stenosis and were taking . 
quinidine for supraventricular arrhythmias. The ` 
remainder were being treated empirically by refer- . 
nonsustained ventricular 


ring physicians for ` 
` arrhythmias. Twelve patients were taking quinidine, 


with the remainder on procainamide (three . 


patients) or flecainide (two patients). 


The results of signal-averaging are shown in Table 


H with the use of method A alone (six patients), 


method B alone (seven patients) or both methods . 


(four patients). By means of the previously defined -` 


criteria, signal-averaging results were stated as being 


positive (+) or- negative (—). Eleven of 12 patients 
(92%) without inducible sustained VT while not 


taking antiarrhythmic agents were correctly identi- 


fied with the SAECG. Four of the five patients — 


(80%) with inducible sustained monomorphic VT. 


while not taking antiarrhythmic agents were correct- 
ly identified with the SAECG. Overall sensitivity 


and specificity of the SAECG were 80% and 92%, 


respectively. Mean ejection fraction in inducible vs ` 
_noninducible patients. was 0.28 + 0.09 and 0.41 + 

. 0.18, respectively (p. = 0.07). Drug levels at the time 

_ of the malignant ventricular arrhythmia were avail- 
`- able in ‘only 7 of 17 patients and signal-averaging 
and programmed ventricular stimulations were not 
routinely performed with patients taking the antiar- 


rhythmic agents. 
When we examined the relationship between the 


< clinical arrhythmia and the results. of the SAECG in 
- the 11 patients presenting with sustained monomor- 
<. phic: VT, we found that three of four patients with 
_ inducible sustained VT and six of seven patients 


without inducible VT were correctly identified with 
the SAECG. Five of six patients presenting with VF 
or sudden cardiac death were SAECG negative, ` 


- while 4 of 11 patients with sustained VT were 
; SAECG positive. 


Four patients (H.N., I.D., F. W., T.H.) had ven- 
tricular fibrillation induced with this stimulation 
protocol, and none of these had: an abnormal 


` SAECG or had sudden cardiac-death in follow-up. 
_ Three: of these paszients were discharged on no 


antiarrhythmic therapy and one patient. received 
amiodarone. : 
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During a mean ‘follow-up atid of 12+ 5 months 


(range 1.to 20 months), there was a total of-two ` 
sudden cardiac deaths in the SAECG positive group- 


(40%) and no sudden cardiac deaths in the SAECG 


negative group. Both of the above two- patients with - 
> sudden cardiac death (J.S. and C.C.) had coronary. ' 
- artery” disease, inducible sustained - monomorphic 
VT, and. significantly depressed ejection fraction 


(0.15 and 0.26). Additionally, there were three non- 


arrhythmic deaths (H.N., B.K., “and M.O.) -due to” 
. congestive heart failure,- asistole. and- ruptured 


intestine in the SAECG negative: group. 
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- the filtered QRS d duration and the late potenlal ps 


~ In the SAECG positive group; ‘one patient en: 


~ placed on amiodarone, one patient received ` an 


implantable defibrillator .(no-’ discharges),.~ 


patients received electrophysiology guided. type ne 
antiarrhythmic agents. (both dead), and one patient a 


” received no. therapy (noninducible), In the SAECG 


z negative . group, ‘six patients received . no therapy, PE 
four patients received amiodarone (one patient with . 


duration (Fig. 1, C’ ‘and D) and may also facilitate the 


induction of reentrant VT with programmed. stimu: i e 


lation. ‘However, this. relationship was not’ investi- 
gated. i in this study. f 

‘Role of the. signal-averaged électrocardiogram, Inva- 
sivé ‘electrophysiologic studies. are commonly. being - 


- performed in patients presenting. with sustained: VT, | .. 
ventricular: fibrillation, or sudden death. This study: 

` shows . the: utility of- the noninvasive SAECG:: in 
‘determining the presence of a substrate for reen- ` 
trant VT in the. drug-free state in patients present- Er 
ing- with a malignant ventricular arrhythmia ‘while 
taking: an antiarrhythmic agent. The excellent over- 
„all sensitivity: and specificity of the SAECG in -- 
D predicting VT induction in this: group of patients 


improvés selection of patients “who: are likely to 
benefit from: programmed ventricular stimulation. 
Previous studies“ have already demonstrated the 


A high: ‘sensitivity and: ‘specificity of the SAECG. in 


_ inducible - ventricular fibrillation and one patient’ 
with inducible sustained wee and ‘two! l patents ; 


received. mexilitine. 


r 


ifi 


> DISCUSSION 


Proarrhythmic effects of “antiarrhythmic. agenis. sh 


Antiarrhythmic agents have ä significant potential 
for producing .proarrhythmic. effects. These reac: - 


. tions may: be limited. to a significant increase-.in ` 
ambient ventricular ectopy or may. be manifested by f 
: the. development of ‘complex. ventricular ectopic 7 
an complexes, polymorphic | VT, sustained’ monomior-~ 
- phic VT,:or sudden cardiac death. with ventricular | 
- fibrillation.“ -Even if one includes only patients - 

: with the most’ ‘malignant of ventricular arrhythmias’ 

_ (sustained VT, ventricular fibrillation, or sudden. 


J antiarrhythmic agents. and may not require invasive . .- 
` programmed. ‘ventricular stimulation: (especially if — 


predicting inducible-sustained VT-in patients pre- 
senting with: sustairied VT or sudden cardiac death - 
who were not taking antiarrhythmic agents. at the in 


fos ie time of arrhythmia.’ 26,913, 1619.) 7, : 
`- Clinical implications. Thè results of our study d ee 


us to divide this patient population into two groups: 


(Group A): Patients with a negative SAECG despite . 


a malignant ventricular arrhythmia appear to havea 3 
low incidence of inducible VT when not taking ' 


only. supraventricular arrhythmias. exist where ‘the | 


. drug can be presumed to be proarrhythmic:and. be s 
` discontinued without - further studies). (Group. B): 


Patients with an ‘abnormal SAECG have a high s 


i likelihood: of inducible: sustained: monomorphic. VT - E 


l cardiac death), ‘the potential magnitude of the prob i 


EAE F. E. 


who presented with: these life-threatening arrhyth- : 
mias did so while. being treated empirically with an. ` = 
- abnormal SAECG have shown an increased: risk of .. 


, antiarrhythmic agent.: Even more worrisome is: ‘the 


solely for supraventricular arrhythmias.* The: prob- 


lem is made more: complex by the. ‘fact that some" 
form of ‘structural heart disease was present’ in ‘all: 
patients and two thirds of patients had an: ejection. 
fraction below 50%. At the time of presentation it is- 


often difficult on clinical grounds to differentiate 


between patients in whom the life- threatening: 
arrhythmia can be attributable to a proarrhythmic. 
drug effect. from patients in whom the substrate ‘for. 
_ imalignant VT exists even in the absence of drug 
` therapy. Antiarrhythmic agents may prolong both" 


© fact that six of these: patients were being treated- 


1 


and: are “appropriate - -candidates for invasive. pro- en 


grammed ventricular stimulation i in i order’ to mune . 
antiarrhythmic therapy. ae i 
Long-term follow up studies i in eae ith: an 


future sustained VT. and sudden death i in compari- 


gon: to’ ‘similar patients . without ‘an abnormal. © 


SAECG. 16:17 Thus, . it might be ërronėous to assume ne 


7- that a malignant” ventricular arrhythmia. on. an... 


empiric: drug. regimen was due ‘to’ a proarrhythmic 2 


"effect in a patient with an abnormal SAECG. Póssi- ` 
$ ble. etiologies for malignant ventricular arrhythmias. 


_ in. this’ latter patient subgroup: -include’ possible 


subtherapeutic.. levels of a ‘potentially effective. 


` agent, an ineffective antiarrhythmic drug, ora ‘spon- oes 
2 taneous’ ventricular a ‘unrelated to* the i 
: ene 


te ee 
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Study limitations. In this study rechallenge with the 
antiarrhythmic drug with performance of the 
SAECG and repeat programmed ventricular stimu- 
lation was not routinely performed due to ethical 
concerns about the induction of possible fatal 
arrhythmias. Therefore, the assumption that a drug 
was proarrhythmic was based solely on the absence 
of inducible sustained VT with no antiarrhythmic 
agents in patients who were taking antiarrhythmic 
agents at the time of the index arrhythmic event. 
Antiarrhythmic drug levels were not available in all 
patients referred for electrophysiologic evaluation. 
Also, the SAECG was performed by two different 
methods in this study due to the availability of 
equipment; however, studies at our institution and 
others have confirmed the validity of both tech- 
niques.” 5-8 14 17,19 

Conclusions: The SAECG is a useful noninvasive 
tool in the evaluation of patients with malignant 
ventricular arrhythmias while taking an antiar- 
rhythmic agent, being highly predictive of inducible 
sustained monomorphic VT inducible with pro- 
grammed ventricular stimulation. Our findings sug- 
gést that the SAECG results are helpful in the 
identification of proatrhythmic events and assist in 
the selection of patients most likely to benefit from 
invasive electrophysiologic studies. 


REFERENCES 


1. Rozanski JJ, Mortara D, Myerburg RJ, Castellanos A. Body 
surface detection of delayed depolarizations in patients with 
recurrent ventricular tachycardia and left ventricular aneu- 
rysm. Circulation 1981;63:1172-8. | . 

2. Simson MB. Use of signals in the terminal QRS complex to 
identify patients with ventricular tachycardia after myocar- 
dial infarction. Circulation 1981;64:235-41. 

3. Josephson ME, Simson MB, Harken AH, Horowitz LN, 
Falcone RA. The incidence and clinical significance of epicar- 
dial late potentials in patients with recurrent sustained 
ventricular tachycardia and coronary artery disease. Circula- 
tion 1982;66:1199-1204. . 

4. Denes P, Santarelli P, Hauser RG, Uretz EF. Quantitative 
analysis of the high-frequency components of the terminal 
portion of the body surface QRS in normal subjects and in 
patients with ventricular tachycardia. Circulation 1983; 
67:1129-38. ‘ 

5. Simson MB, Unterekér WJ, Spielman SR, Horowitz LN, 
Marcus NH, Falcone RA, Harken AH, Josephson ME. Rela- 
tion between late potentials on the body surface and directly 
recorded fragmented electrograms in patients with ventricu- 
lar tachycardia. Am J Cardiol 1983;51:105-12. 

6. Kanovsky MS, Falcone RA, Dresden CA, Josephson ME, 
Simson MB. Identification of patients with ventricular tachy- 
cardia after myocardial infarction: signal-averaged electro- 
cardiogram, Holter monitoring and cardiac catheterization. 
Circulation 1984;70:264-70. 

7. Coto H, Maldonado C, Palakurthy P; Flowers NC. Late 
potentials in normal subjects and in patients with ventricular 
tachycardia unrelated to myocardial infarction. Am J Cardiol 
1985;55:384-90, 


8. Vassallo JA, Cassidy D, Simson MB, Buxton AE, Marchlin- 


10. 


1L 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


25. 


27. 


Signal-averaged ECG in malignant arrhythmias 113 


sky FE, Josephson ME. Relation of late potentials to site of 
origin of ventricular tachycardia associated with coronary 
heart disease. Am J Cardiol 1985;55:985-9. 


. Gomes JA, Mehra R, Barreca P, El-Sherif N, Hariman R, 


Holtzman R. Quantification analysis of the high-frequency 
components of the signal-averaged QRS complex in patients 
with acute myocardial infarction: a prospective study. Circu- 
lation 1985;72:105-11. . 
Freedman RA, Gillis AM, Keren A, Soderholm-Difatte V, 
Mason J. Signal-averaged electrocardiographic late poten- 
tials in patients with ventricular fibrillation or ventricular 
tachycardia: correlation with clinical arrhythmia and electro- 
physiology study. Am J Cardiol 1985;55:1350-3. 

Cain ME, Ambos D, Witkowski FX, Sobel BE. Fast-Fourier 
transform analysis of signal averaged electrocardiograms for 
identification of patients prone to sustained ventricular 
tachycardia. Circulation 1984;69:711-20. 

Cain ME, Ambos D, Markham J, Fischer AE, Sobel BE. 
Quantification of differences in frequency content of signal- 
averaged electrocardiograms in patients with compared to 
those without sustained ventricular tachycardia. Am J Car- 
diol 1985;55:1500-5. 

Lindsay BD, Ambos HD, Schectman KB, Cain ME. 
Improved selection of patients for programmed ventricular 
stimulation by frequency analysis of signal-averaged electro- 
cardiograms. Circulation 1986;73:675-83. 

Breithart G, Borggrefe M, Karbenn QU, Seipel L. Ventricular 
vulnerability assessed by programmed ventricular stimula- 
tion in patients with and without late potentials. Circulation 
1983;68:275-81. 

Kuchar DL, Thornburn CW, Sammel NL. Late potentials 
detected after myocardial infarction: natural history and 
prognostic significance. Circulation 1986;74:1280-9. 

Denniss AR, Richards DA, Cody DV, Russell PA, Young AA, 
Cooper MJ, Ross DL, Uther FB. Prognostic significance-of 
ventricular tachycardia and fibrillation induced at pro- 
grammed stimulation and delayed potentials detected on the 
signal-averaged electrocardiograms of survivors of acute myo- 
cardial infarction. Circulation 1986;74:731-45. 

Nalos PC, Gang ES, Mandel WJ, Ladenheim ML, Lass Y, 
Peter T. The signal-averaged electrocardiogram as a screen- 
ing test for the inducibility of sustained ventricular tachycar- 
dia in high risk patients: a prospective study. J Am Coll 
Cardiol 1987;9:539-48. 

Kuchar DL, Thornburn CW, Sammel NL. Signal-averaged 
electrocardiogram for evaluation of recurrent syncope. Am J 
Cardiol 1986;58;949-53. 

Gang ES, Peter T, Rosenthal ME, Mandel WJ, Lass Y. 
Detection of late potentials on the surface electrocardiogram 
in unexplained syncope. Am J Cardiol 1986;58:1014-20. 
Gang ES, Nalos PC, Lass Y, Peter T. Is bidirectional filtering 
necessary for the accurate detection of ventricular late poten- 
tials? [Abstract] PACE 1987;10(supp! 11):678. 


. Velebit V, Podrid P, Lown B, Cohen BH, Graboys TB. 


Aggravation and' provocation of ventricular arrhythmias by 
antiarrhythmic drugs. Circulation 1982;65:886-94. 


. Orawitz J, Slodki SJ. Recurrent ventricular fibrillation pre- 


cipitated by quinidine. Arch Intern Med 1968;122:63-8. 


. Koster RW, Wellens HJJ. Quinidine induced ventricular 


flutter and fibrillation without digitalis therapy. Am J Car- 
diol 1976;38:519-25. 


. Meltzer RS, Robert EW, McMerrow M, Martin RP. Atypical 


ventricular tachycardia as a manifestation of disopyramide 
toxicity. Am J Cardiol 1978;42:1044-6. 

Castellanos A, Salhanick L. Electrocardiographic patterns of 
procainamide cardiotoxicity. Am J Med Sci 1967;253:52-6. 

. Kerr WJ, Bender WL. Paroxysmal ventricular fibrillation 
with cardiac recovery in a case of auricular fibrillation and 
complete heart block while under quinidine sulfate therapy. 
Heart 1971;9:269-74. 

Rinkenberger RL, Prystowsky EN, Jackman WM, Naccarelli 


Nalos et al. 


GV, Heger JJ, Zipes DP. Drug convérsion of nonsustained 
ventricular tachycardia and sustained ventricular tachycar- 
dia during serial electrophysiologic studies. Identification of 
drugs that exacerbate tachycardia and potential mechanisms: 
Am Heart J 1982;103:177-82. 7 


28. Dhurander RW, Nademanee K, Goldman AW. Ventricular 


tachycardia-flutter associated with disopyramide therapy— 
report of 3 cases. Heart Lung 1978; 7:783- T, . 


January 1988 
American Heart Journa! 


: 29. Winkle RA, Mason JW, Griffen JC, Ross D. Malignant ; 


ventricular tachycardia associated with the use of encainide. 
‘Am HEART J 1981;102:857-60. 

30. Morganroth J, Anderson JL, Gentzkow GD. Classification by 
type of ventricular arrhythmia predicts frequency of adverse 
cardiac effects from flecainide. J Am Coll Cardiol 1986;8:607- 
15. 





Prevalence and clinical correlates of 
non-Wenckebach, _narrow-complex ? 
second-degree atrioventricular block detected 


by ambulatory E ECG 


Amiong 113 patients with transient, narrow-complex second-degree atrioventricular (AV) block 
detected by ambulatory ECG, there were 20 with non-Wenckebach: behavior. Based on the 
presence or absence of PR interval. shortening after singie biocked complexes; patients with . 
farrow-complex non-Wenckebach patterns could be separated into a pseudo-Mobitz: ll group of 
‘16 patients (>20 msec of PR shortening after the blocked complex) and a classic Mobitz Il group 
of four patients (constant PR interval). These groups had additional distinct ECG and clinical 
features. Patients with the pseudo-Mobitz II pattern had a 44% prevalence of associated as 
Wenckebach block during the same ambulatory recording, whereas Wenckebach ‘behavior did not. 
. occur in patients with classic Mobitz II block. Pseudo-Mobitz Il block occurred at significantly 
longer cycle lengths (876 vs 585 msec) and with significantly longer PR intervals (225 vs 165 
msec) preceding the blocked complex than did classic. Mobitz Il block.. Syncope was the 
presenting symptom in 38% of patients with pseudo-Mobitz II block. and in all patients: with , 
classic Mobitz ll block: Patients with pseudo-Mobitz ll block had a 56% prevalence ‘of associated 
coronary disease and a 44% prevalence: of congestive heart failure; the mortality rate was 38% ` 
in this group over 4 years of follow-up, but in all instances death was due to associated. disease. 
rather than to conduction itself. In contrast, patients with classic Mobitz H block had : 
hypertensive or valvular disease but no evidence of coronary disease or congestive failure; al 
are alive with pacemakers after 3 years of follow-up. These observations suggest that the- 
behavior of the PR interval after the blocked complex. can identify clinically distinct groups of 
patients with transient, non-Wenckebach narrow- complex.: ‘second-degree, AV’ block. (Anh ‘Heart J 


1988;115: 114.) 


Helmut w. Lange, M:D., Olivier Ameren, M.D., Ralph Mack, MD., 


Jeffrey W. Moses, M.D., and Paul Kligfield, M.D. New York, N.Y. 


Two types‘ of second-degree ‘atrioventricular (AY) 


_ block were recognized by Wenckebach! and by Hay”. 


from analysis of venous and arterial pulse tracings. 


These were subsequently classified by Mobitz as . 


From the Division of ET paca of Medicine, The New York < 


Hospital-Cornell Medical Center. . 
Received for publication Dec. 12, 1986; accepted July 28, 1987. 


Reprint requests: Paul Kligfield, M.D., The New York Hospital, 525 E. 
68th St., New York, NY 10021. . 


114 


type I malt type IL block, ‘according to the beni. of 
-the PR interval immediately preceding the blocked 
: complex. 3 Type I second-degree AV block is associ- 
- ated with progressive prolongation of the PR inter- 
val before the blocked complex; it is usually found i in 


patients: with narrow QRS complexes and is com- 


‘monly called the Wenckebach type of second-degree 


AV block. Type. II second-degree AV block is associ- 
ated with constant PR intervals’ preceding the 
blocked complex; it is found in patients with both 
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wide and narrow QRS complexes and is commonly 
called Mobitz II block. 

However, this simple classification is often inade- 
quate. Prolongation of the PR interval before the 
blocked complex is frequently subtle in patients 
described as having “atypical” Wenckebach block,*® 
and the PR interval may be constant before the 
blocked complex but shorter after the blocked com- 
plex in patients described as having “pseudo-Mobitz 
H” block. Also, the significance of PR interval 
shortening after the blocked complex in patients 
with otherwise typical Mobitz II behavior, particu- 
larly in association with narrow QRS complexes, has 
been controversial.”" To assess the prevalence of 
these different types of second-degree AV block, to 
provide insight into the significance of the “pseudo- 
Mobitz II” pattern of block, and to test whether 
separation of patients with narrow-complex, non- 
Wenckebach block according to the presence or 
absence of PR interval shortening after the blocked 
complex can provide useful clinical information in 
the absence of invasive electrophysiologic study, we 
examined all episodes of transient second-degree AV 
block detected by ambulatory ECG monitoring at 
The New York Hospital—Cornell Medical Center 
during a 54-month period. 


METHODS 


Among 9599 consecutive 24-hour ambulatory ECG 
recordings obtained in the laboratory of a general teaching 
hospital between October 1979 and March 1984, there 
were 113 with narrow-complex (QRS <120 msec), tran- 
sient second-degree AV block. During review of these 
recordings, special attention was given to the exclusion of 
blocked atrial and occult junctional premature complexes, 
which can simulate second-degree AV block. 

Classification of second-degree block. Classification 
of narrow-complex second-degree AV block was based on 
the following definitions, examples of which are shown in 
Fig. 1. “Classic Wenckebach” type I second-degree AV 
block was defined as progressive prolongation of the PR 
interval with greater than 40 msec PR lengthening during 
the three cycles before the blocked complex. “Subtle 
Wenckebach” type I second-degree AV block was progres- 
sive prolongation of the PR interval with at least 20 msec 
but not more than 40 msec PR lengthening during the 
three cycles before the blocked complex. ““Pseudo-Mobitz 
IT” type second-degree AV block was nearly constant PR 
intervals (variation of not more than 20 msec) for at least 
three cycles before the blocked complex but with PR 
shortening at least 20 msec after the blocked complex (in 
the absence of junctional escape beats). “Classic Mobitz 
H” type second-degree AV block was constant PR inter- 
vals for at least three beats before the blocked complex, 
with the same PR interval after the blocked complex. 

ECG measurements and clinical findings. All ECGs 
were obtained by means of Avionics model 445 reel-to-reel 
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Fig. 1. Classification of narrow-complex second-degree 
AV block (2° AVB). Numbers represent measured PP and 
PR intervals in milliseconds. 


recorders; simultaneous bipolar CM, and CM, leads were 
printed by either an Avionics 660 (Del Mar Avionics, 
Irvine, Calif.) or Trendsetter (Del Mar Avionics) scanner 
at 25 mm/sec. Measurements were made by a single 
observer, with calipers, to the nearest 10 msec, specifically 
for the purpose of this study; diagnostically difficult 
tracings were subsequently reviewed by a second observer 
for confirmation of classification, with differences 
resolved by consensus. 

The following ECG features were measured: the PR 
interval of the last conducted complex, the two atrial cycle 
lengths before the blocked complex, the presence of sinus 
slowing during block (=40 msec increase in atrial cycle 
length before the blocked complex), and the duration of 
the longest pause between ventricular complexes. When 
more than one episode of each type of block occurred in 
the same patient, the shortest cycle length of occurrence 
was used for tabulation and comparison between groups. 
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Table I. Prevalence of Wenckebach and non- Wenckebach _ 


` types of narrow-complex second- degree - AN block - 





detected by ambulatory ECG ~ 2 
120 No. of“. 

Type F second-degree AV block a - patients ( %) 2 
Classic Wenckebach . l x) (53%). : : : 
Subtle Wenckebach * 33 (29%). 

. Mixed second-degree AV block’ : “7 6%) ; 
` (Wenckebach with seudo-Mobite | ee ee 
‘Pseudo-Mobitz II 9 (8%): 
Classic ‘Mobitz II 


eS ( 4%), x 


Clinical data (age, sex, type of E eart disease; : 
presence of congestive heart failure, indication for ambu-'’ 
latory ECG monitoring, and medication). were obtained - 


from hospital records. Follow-up information - was 


obtained from hospital records and telephone calls to: oe 


. patients or their physicians. 


Statistics. Differences between “mean , Salis were | 
tested by nonpaired or paired ¢ test: Statistical signifi- 
cance at the p < 0.05 level was required. for rejection of ‘the # 


null hypothesis. 
RESULTS | 


Prevalence of Wenckebach end non-Wenckebach N 
types of second-degree AV block: The majority- (82%) : 
of the 113:patients with transient, narrow-complex _ 
‘second-degree AV block had Wenckebach periodici- l 
.- tý as the only type of block during: ambulatory ro 
recording (Table I). In 60 patients “classic” Wenck-. - 
_ebach behavior was present; with obvious — (=40 


msec) PR lengthening during the three cycles before 
` the blocked complex. In an additional 33. patients, 


PR lengthening during the three cycles before the H 


` blocked complex was subtle (<40 msec). Transient 


_ second-degree AV- block without- measurable PR- 


lengthening, but with PR shortehing immediately 


after the -blocked complex (pseudo-Mobitz IT: sec- F 
ond-degree AV block), was found in 16 patients- 
(14%). Seven of these patients. had pseudo-Mobitz i 


II block in combination with episodes.of typical 
- Wenckebach behavior on the same ambulatory ECG. 


‘and were categorized as having mixed second-degree a 
` pseudo-Mobitz II block. Neither coronary. disease 
- nor congestive failure was present in. patients with ` 
`. classic Mobitz II block, three of whom had hyperten- 
“` sion and one of whom had aortic stenosis. Syncope os 
tional Wenckebach episodes nor pseudo- "Mobitz. u p 
; “~geven patients with mixed second- degree AV. block. 
and four of nine patients with pseudo-Mobitz IT -— 
block, whereas all patients with classic Mobitz Ik 


AV block. In the other nine patients, the pseudo- 


Mobitz I pattern was the only manifestation - -of ` 
second-degree AV block. Classic Mobitz II block was _ 


rare, occurring in four patients (4%); neither addi- 


episodes were found in these patients. . : 
` Of the seven patients with mixed second- degree 
AV block, three were taking digitalis at the time of 


- evaluation, including one patient who was also tak- 
ing a calcium-blocking drug. Of the nine patients 


January 19888 `- 


-~ American Heart Journal 


_ with pure pseudo-Mobitz II block, three were taking 


: digitalis, including one patient who was also taking a 


~.: beta blocker. None of the four patients in the classic 
` Mobitz I group was taking. digitalis, beta blockers, 
: or calcium blockers. © 


ECG findings in non-Wenckebach söcond-dəgroè AV 


block. Findings i in the 20 patients with non-Wencke- 


bach, ‘narrow-complex second-degree AV block are _ 


. «Shown in Table‘II.. Classic Mobitz II episodes of ` 
- second- -degree , AV ‘block occurred at significantly 

faster- heart rates than did episodes of pseudo- | 

_ Mobitz II. block, and’ PR intervals preceding ‘the - 

~> blocked complex were significantly shorter in classic 

-Mobitz II second-degree AV block than in pseudo- . 


Mobitz’ II block. Cycle length : -and PR intervals 


_ preceding the blocked complex in patients with only 
7. pseudo-Mobitz IL. behavior were similar to those . 
` occurring with.’ pseudo-Mobitz. I episodes. in 


patiènts with mixed second- degree ` AV block. ` 


_Wenckebach episodes in the group with mixed sec- 


ond-degree AV block, ‘however, were associated with 


longer PR intervals and with faster heart rates. than 
` were. pseudo- Mobitz II episodes - in. the” ‘same, > 
. patients. Sinus slowing during. block (atrial. cycle -.-. 


length increments =40 msec ‘preceding the blocked: 
complex) was common in- both- Wenckebach’ and 


-pseudo-Mobitz II. episodes but, did not occur in 


classic- ‘Mobitz I . second- degree AV block. Most 
patients with Wenckebach episodes and with pseu- 
do-Mobitz Il episodes did not have periods of sus- 


-tained or- advanced AV block during the ambulatory 
recording. In contrast, all patients with classic’ 
'- Mobitz-II block had either sustained -2:1 AV block - 
‘or further advanced: block during the. recorded peri- 
od. The longest RR, interval (8.0 seconds) occurred O 
_ in a patient with classic Mobitz TI block i in associa- 


tion with-transient cornplete heart block. - , 
Clinical findings. and follow-up data. Table HT šum- 


.marizeë the clinical findings. and, ‘follow-up. data of 


the 20 patients with transient, narrow- -complex . 
pseudo-Mobitz H`block and classic Mobitz II-block. 


- Coronary artery disease and congestive heart failure `. 
- were each similar in prevalence in patients with -< 


mixed -second- degree. AV. block andin those with 


or dizziness was the presenting symptom in two. of 


block had syncope. : 
‘Six patients wi either mixed. second- degree A AV 
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Table Il. ECG characteristics in patients with narrow complex, non-Wenckebach second-degree AV block with narrow 


QRS on ambulatory monitoring 











Mixed second-degree AV block 











(n=7) Pure Classic Mobitz IT 
pseudo-Mobitz II second-degree 
ECG Wenckebach Pseudo-Mobitz IT second-degree AV block AV block 
characteristics episodes episodes (n=9) (n= 4) 
Cycle length preceding 794 + 179 * 920 + 193 876 + 170 t 585 + 163 
blocked complex (msec) ; 
PR interval of last 283 + 77 = 263 + 84 225 + 30 t 165 + 25 
conducted beat (msec) 
Atrial cycle length 43% (8/7) 57% (4/7) 33% (3/9) 0 
increment =40 msec z 
during second-degree AV 
block 
Greatest amount of AV block 
Single blocked complex 72% (8/7) 86% (6/7) 67% 16/9) 0 
Sustained 2:1 14% (1/7) 14% (1/7) 33% 3/9) 50% (2/4) 
Advanced or third-degree 14% (1/7) 0 50% (2/4) 
AV block 
Longest RR interval (sec) 4.5 2.8 8.0 
*p < 0.05. 
tp < 0.02. . 
tp < 0.01. 


block or pseudo-Mobitz II second-degree AV block 
died during follow-up (88% mortality rate during a 
mean period of 47 months, range 20 to 74 months); 
each had coronary artery disease with congestive 
heart failure at the time of ambulatory monitoring 
and no death was related to primary conduction 
tissue disease with advanced block. Pacemakers 
were implanted in four patients with mixed second- 
degree AV block or pseudo-Mobitz II block after a 
mean interval of 13 months (range 3 weeks to 27 
months). In three of these patients the reason for 
pacemaker therapy was additional symptomatic 
sinus dysfunction, and in one patient a new bundle 
branch block pattern developed in association with 
periods of sustained 2:1 block. In three of these four 
patients, pacemakers were implanted shortly before 
death. In contrast, all patients with classic Mobitz II 
block were alive at a mean follow-up period of 37 
months (range 26 to 48 months), all having received 
pacemakers at a mean interval of 9 months (range 2 
weeks to 17 months) after ambulatory monitoring. 
Two of these patients had initially refused pace- 
maker therapy, but later recurrent syncope or pro- 
gression to complete block developed. 


DISCUSSION 


Although the original description of type II block 
by Mobitz? demonstrated constant PR intervals 
before and after the blocked complex, the classifica- 
tion of narrow-complex second-degree AV block in 


which PR interval shortening follows the blocked 
complex has been controversial.” Behavior of this 
type has commonly been considered to be consistent 
with Mobitz II block!" or has been termed “appar- 
ent” Mobitz II! or “pseudo-” Mobitz II° block. 
Others have suggested that PR interval shortening 
after a blocked complex excludes a diagnosis of 
Mobitz II block.” Our clinical and ECG observa- 
tions support the separation of narrow-complex, 
non-Wenckebach second-degree AV block into types 
based on the presence or absence of PR interval 
shortening after the blocked complex. 

With respect to several findings apparent on the 
surface ECG, patients with narrow-complex “pseu- 
do-Mobitz H” block are different from patients with 


‘“classic Mobitz IT” block but similar to patients with 


Wenckebach benavior. Most important, nearly half 
of our patients with pseudo-Mobitz II block. had 
associated periods of Wenckebach block on the same 
ambulatory ECG, but associated Wenckebach 


‘behavior did not occur in any of the patients with 


classic Mobitz II block. Both the cycle length and 
the PR interval preceding the single blocked com- 
plex were significantly longer in patients with pseu- 
do-Mobitz II block than in patients with classic 
Mobitz II block. An increase in sinus cycle length 
during second-degree AV block was seen in nearly 
half of the patients with pseudo-Mobitz I block and 
in a similar proportion of Wenckebach episodes in 
patients with mixed second-degree AV block, but in 
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Table lil. Clinical characteristics and follow-up data in 20 patients with narrow-QRS, non-Wenckebach second-degree 


` AV block on ambulatory monitoring 











Length of 
Patient Clinical cardiac Indication Survival Indication follow-up 
No. Age Sex diagnosis CHF for monitoring (cause of death) Pacemaker for pacemaker (mo) 
Mixed second-degree AV block (Wenckebach with pseudo-Mobitz II) {n = 7) 
70 M CAD - Palpitations A - oN. 51 
2 84 M CAD +  VPCs D (MD + 2:1 AV block, 58 
; new RBBB 
a) 61 F 0 = Palpitations A — - 36 
4 67 F 0 — Palpitations A = - 44 
5 62 M 0 - Syncope A = = 26 
6 78 F CAD +  VPCs A - = 28 
7 77 M CAD = Syncope A + SSS, 3-second 44 
pause 
Pseudo-Mobitz II (n = 9) 
1 733 F CAD + Angina D (CHF) = = 35 
2 70 F CAD + TIA D (CYA) + Sinus bradycardia 48 
3 5 F 0 = Chest pain À - a 20 
4 75 F CAD + Syncope D (VE) + SSS + syncope 72 
5 56 F VHD — Dizziness A = = 30 
6 74 FE CAD + Syncope D (CHF) : = ~ 14 
7 56 F 0 — Palpitations A = = 72 
8 65 F CAD + CVA ` D (CHF) = = 54 
9 67 F  HOCM E Dizziness A = = 67 
Classic Mobitz II (n = 4) 
1 76 F Aortic stenosis = Syncope A + Recurrent 42 
syncope, 
third-degree 
AV block 
2 69 F HTN — Syncope A + Syncope, 26 
i third-degree 
AV block 
3 45 F HTN — Syncope A + Recurrent 48 
syncope His 
bundle study 
4 73 F HTN — Syncope LA + Syncope, 32 
third-degree 
AV block 


8-second pause 


à = Alive; D = died; CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebrovascular disease; HOCM = hypertrophic cardiomyo- 
pathy; HTN = hypertension; RBBB = right bundle branch block; SSS = sick sinus syndrome; TIA = transient ischemic attack; VF = ventricular 
fibrillation, VHD = valvular heart disease: VPC = ventricular premature complex. ; 


none of the patients with classic Mobitz II block. In 
addition, although a small proportion of patients 
with pseudo-Mobitz II block had sustained 2:1 
block and none had advanced or complete block 
during the period of ambulatory monitoring, one or 
. more of these findings occurred in all patients with 
classic Mobitz II block. 

Inasmuch as invasive electrophysiologic study was 
performed in only one patient in this series, our data 
do not permit conclusions to be drawn regarding the 
relationship of the classification of our patients to 
either the site or mechanism of AV block. However, 
our observations can be placed in an electrophysio- 
logic context. Despite the common association of 


Wenckebach-type periodicity with block at the level 
of the. AV node, experimental and clinical His 
bundle studies have shown that the Wenckebach 
type of second-degree AV block in the presence of a 
narrow QRS complex may occasionally be caused by 
a block within the His bundle or the common 
bundle.>16-2 Also, apparent Mobitz II behavior on 
the surface ECG does not always indicate intra- 
Hisian or infranodal block. '* Inferences based 
on surface ECGs have occasionally been inaccurate 
‘for other reasons. First, small increments in AV 
conduction in patients with type I behavior may be 
undetectable at the standard recording speed, simu- 
lating a type I pattern.“ Abrupt sinus slowing with 
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intense vagal stimulation may obscure the PR short- 
ening after the blocked complex in patients with AV 
nodal block, thereby mimicking a type II block.!* 2 
These observations have limited the predictive value 
of surface ECG findings for localizing the site of AV 
block. 

However, when attention is given to QRS width 
and to the behavior of the PR interval after the 
blocked complex, the electrophysiologic correlates of 
surface ECG patterns of second-degree AV block 
have been more predictable. In contrast to patients 
with a wide QRS complex, who not infrequently 
demonstrate type I behavior in the presence of 
infranodal block, Wenckebach behavior in patients 
with narrow QRS complexes resulting from intra- 
Hisian block appears to be extremely rare.’** Fur- 
ther, El-Sheriff et’al.° did not find an infranodal site 
of block by His bundle study in any patient who had 
a narrow QRS complex; all patients with infranodal 
block producing a pseudo-Mobitz II pattern on the 
surface ECG had right bundle branch block and the 
majority had associated left anterior hemiblock. 
Thus, separation of patients with transient, narrow- 
complex non-Wenckebach second-degree AV block 
into clinical groups based on the behavior of the PR 
interval after the blocked complex is consistent with 
available electrophysiologic observations. 

The sex and age of our patients with narrow- 
complex classic Mobitz II second-degree AV block 
parallel the reported preponderance of elderly 
women among patients with intra-Hisian block.” In 
addition, the cardiac diagnoses in our patients with 
classic Mobitz II second-degree AV block are in 

_agreement with the findings by Lev” of AV block in 
patients with sclerosis of the cardiac skeleton associ- 
ated with hypertension, which was present in three 
of our four patients with classic Mobitz II block. 
Bharati et al.” observed that calcific aortic stenosis, 
present in our other patient with classic Mobitz II 
block, may lead to intra-Hisian block by impinge- 
ment of calcium on the His bundle. The clinical 
characteristics and course of our 16 patients with 
pseudo-Mobitz II second-degree AV block are simi- 
lar to those found by Strasberg et al.” in patients 
with chronic AV nodal second-degree AV block. 
When second-degree AV block occurred in associa- 
tion with heart disease in that series, most often in 
patients with coronary artery disease, the mortality 
rate during 3 to 4 years of follow-up was 43%. This is 
similar to our 38% mortality rate during 4 years of 
follow-up in patients with pseudo-Mobitz IT behav- 
ior, many of whom also had coronary disease. 

Of course, the natural history of chronic AV block 

_ may be different from that of spontaneous episodes 
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recorded in selected patients by ambulatory ECG. 
According to Shaw et al.” there were no differences 
in survival rates between patients with type I and 
type II second-degree AV block, even in the pres- 
ence of narrow QRS complexes, and survival in both 
groups was improved by pacemaker therapy. How- 
ever, this may have been due to the presence of 
chronic, not transient, second-degree AV block in 
their patients, which might reflect more advanced 
structural heart disease with less favorable natural 
history than our generally ambulatory population. 
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“Irregular” ventricular parasystole: The 
l influence of sinus rhythm on a parasystolic 


focus 


Fifteen cases of ventricular parasystole were analyzed to determine whether the interectopic 
intervals were regular, as expressed by long intervals being exact multiples of the short ones, or 
not. The regularity of the interectopic intervals was assessed by means of the variation index: 
the ratio of the maximal difference between various measurements of the parasystolic cycle 
length and the mean parasystolic cycle length. Three out of 15 cases had a variation Index less 
than 5, and were classified as “regular parasystole.’’ Twelve cases were assoclated with a 
variation Index greater than 7.5, and were classified as “Irregular parasystole.” The cases of 
` irregular parasystole. were then analyzed to determine whether the variability of the interectopic 
intervals was casual or dependent on action of the sinus beats. A parasystolic resetting by 
critically timed sinus impulses (a form of intermittent parasystole) was evident in three cases. 
The irregularity in the remaining nine cases was due to modulation (viz., due to electrotonic 
influence exerted by the sinus beats on the parasystolic focus). In every case of modulated 
parasystole a phase-response curve was constructed, which enabled an analysis of all the 
Interectopic intervals on the basis of a time-dependent effect exerted by the sinus impulses on 
an otherwise rhythmic parasystolic focus. (Am Heart J 1988;115:121.) 
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Messina, Italy, and Johannesburg, South Africa 


It is commonly thought that a parasystolic rhythm is 
the expression of a totally independent automatic 
focus. It has also been generally accepted that 
ectopic beats of parasystolic origin differ substan- 
tially from ventricular extrasystoles, because in 
parasystole the ectopic impulses are delivered regu- 
larly by a totally protected and thus independent, 
rhythmic focus, whereas the ectopic impulses associ- 
ated with ‘an extrasystolic rhythm are forced or 
precipitated by the dominant rhythm. Schamroth 
and Marriott,’ in 1961, postulated that ventricular 
extrasystoles (namely, the ectopic beats dependent 
on, or linked to, the dominant rhythm) are due to a 
semiprotected ventricular ectopic pacemaker that 


can be electrotonically influenced by the sinus. 


rhythm. This postulate was based on the behavior of 
the ectopic rhythm during intermittent parasystole. 
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Steffens? and Cohen et al? also reported intermit- 
tent parasystole, as reflected by the resetting of a 
parasystolic focus by critically timed nonparasys- 
tolic impulses. 

The electrotonic Influence of the sinus impulses 
on a parasystolic rhythm was first postulated by 
Schamroth and Marriott (1961)! and confirmed 
experimentally by Jalife and Moe (1976),4 who used 
an isolated canine false tendon in a three-bath 
preparation. Further laboratory confirmation was 
presented by Moe,®* Jalife et al.,’ and Antzelevitch 
et al.*° Consequent to such electrotonic influence, 
the parasystolic discharge may be delayed or accel- 
erated with respect to its scheduled delivery. This 
phenomenon was defined as “modulation,” and is 
expressed by a biphasic phase-response curve, the 
shape of which indicates that relatively early sinus 
impulses delay the ensuing parasystolic discharge, 
whereas sinus beats that occur relatively late within 
the ectopic cycle accelerate the next parasystolic 
impulse.* Thus, as a result of the modulation the 
parasystolic cycle may become variable to the extent 
that the classic signs of parasystole become less 
evident or indeed even disappear completely. 
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_ Table l. The variation index and final diagnosis listed for 
each case 





Case Variation index Diagnosis 

1 12.0 Modulated parasystole 
2 10.9 Modulated parasystole 
3 7.7 ` Modulated parasystole 
4 15.8 Modulated parasystole 
5 15.7 Modulated parasystole 
6 8.9 Modulated parasystole 
7 11.4 Modulated parasystole 
8 13.4 Modulated parasystole 
9 13.9 Modulated parasystole 

10 22.0 Intermittent parasystole 

11 30.8 Intermittent parasystole 

12 40.0 Intermittent parasystole 

13 5.0 Regular parasystole 

14 5.0 Regular parasystole 

15 3.7 Regular parasystole 





Subsequent to the descriptions of experimental 
modulation, several clinical examples of modulated 
parasystole were published.” This article will show 
that deductive ECG analysis enables the recognition 
of the influence of sinus- rhythm on ventricular 
parasystolic rhythm. 


METHODS 


The material comprised 15 patients with ventricular 
parasystole. Each had a continuous ECG recording (paper 
speed = 25 mm/sec), and 3.5- to 5-minute sections of these 
recordings were analyzed. Eight of the patients were male, 
and seven were female. Their ages ranged from 1 year to 
79 years. Ten had no clinically evident organic heart 
disease, whereas four had ischemic heart disease and one, 
a dilated cardiomyopathy. The tracings were selected by 
means of the following criteria: (1) ectopic ventricular 
beats with markedly variable coupling intervals, reflecting 
variations greater than 0.20 second; (2) the presence of 
fusion beats; and (3) interectopic intervals that were more 
or less mathematically related (see below). 

Definition of terms. Terms were defined as follows: 
X = ectopic ventricular beat or fusion beat; X-X = inter- 
ectopic interval; R = beat of sinus origin; R,, Ry, Rs, 
etc. = the first, second, third, etc., consecutive sinus beats 
after an ectopic complex that is not interpolated; Ry = the 
first sinus beat after an interpolated ectopic complex. The 
sinus beats that follow R, are defined as R, (the second 
consecutive sinus beat after the interpolated ectopic com- 
plex), Ra, and so on. 

All the intervals between consecutive ventricular com- 
plexes and the X-X intervals were measured. (All the 
measurements are expressed in hundredths of a second.) 
The X-X intervals were further subdivided into groups 
according to the number of intervening sinus beats (ISBs). 
The following calculations were made for each group: (1) 
the range of the X-X intervals; (2) the mean and SD of the 
X-X intervals; (3) the range of the X-R, intervals (the 
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intervals between an ectopic complex and the ensuing R, 
peat); (4) the number of parasystolic cycles contained 
within the X-X interval; and (5) the average duration of 
the apparent (manifest or calculated) parasystolic cycle. 
The parasystolic cycle length is obviously equal to the 
X-X interval when the X-X interval is made up of a single 
parasystolic cycle. In order to calculate the apparent 
parasystolic cycle from long X-X intervals, it was assumed 
that, in the presence of parasystole, any X-X interval 
results from an integer of ectopic cycles with identical 
duration. Thus the apparent ectopic cycle length may be 
obtained by dividing the X-X interval by the number of 
parasystolic cycles contained in the interval. Moreover, 
the ‘global mean apparent cycle length was calculated for 
each case by means of the values obtained by all the X-X 
intervals observed in the whole recording. The X-X 
intervals starting from or ending with a fusion beat, 
however, were not included in the analysis whenever the 
fusion beat resembled a sinus complex rather than an 
ectopic beat; the reason for this is that when a fusion beat 
reflects initial vectors identical to those of the sinus beat, 
the exact moment in which the parasystolic impulse is 
delivered cannot be assessed with certainty. 

The variation Index. A variation index was then calcu- 
lated for each patient to evaluate the regularity of the 
interectopic intervals; namely, the presence of a mathe- 
matic relationship between the intervals. The following 
parameters are necessary to obtain the variation index: (1) 
the maximal difference among different measurements of 
the apparent parasystolic cycle (namely, the difference 
between the longest and the shortest manifest or calcu- 
lated parasystolic cycle) and (2) the global mean ectopic 
cycle length. The variation index is the ratio of these two 
parameters. In other words, the index corresponds to the 
maximal variation among different values of the parasys- 
tolic cycle, expressed as percentage of the mean cycle 
length. For example, if the actual interectopic intervals, in 
hundredths of a second, are 104, 104, 210 (105 x 2), 100, 
100, 102, 194 (97 x 2), and 102, the variation index results 
from the difference between 105 (the longest cycle) and 97 
(the shortest cycle) expressed as a percentage of the 
average apparent cycle length, or 101.6. Thus the index is 
equal to 8/101.6 x 100 = 7.9. In patients with a variation 
index greater than 7.5, the classification was “irregular 
parasystole” because of the marked variability of the 
ectopic cycle. Every case of “irregular parasystole” was 
further evaluated to deduce the cause of the irregularity. 
The possible relationship between the influence of the 
sinus beats on the ectopic focus and the variability of the 
manifest or calculated parasystolic cycle was carefully 
assessed in each case. 

The variation index was also calculated i in 32 cases of 
complete atrioventricular block with ididoventricular 
escape rhythm, characterized by QRS complexes wider 
than 0.11 second. A continuous strip of 3 to 5 minutes was 
analyzed in each case, and all the R-R intervals were 
measured. Cases in which were manifested capture beats, 
ventricular extrasystoles, or escape beats with variable 
morphologic characteristics were excluded. 
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Fig. 1. Case 1: A continuous recording of standard lead I. Numbers below the tracing reflect the 
interectopic intervals in hundredths of a second, whereas numbers above the tracing correspond to 
intervals between consecutive ventricular complexes. The diagram under the third strip shows the effect of 
modulation. Vertical bars reflect the ectopic discharges. Line C reflects the scheduled discharge. Line B 
reflects the intermediate discharge. Line A reflects the actual discharge. Numbers in line A reflect the time 
intervals between the delivery of the parasystolic impulse and the following sinus beat(s). The time 
intervals between an ectopic discharge and the second consecutive modulating sinus beat are shown in 
parentheses. The detailed analysis of each modulation is shown in line D. Stippled areas represent the 


refractory period of the ventricle. 


Table ll. Data for each case of modulated parasystole 





Mean apparent 
ectopic cycle 
Case length* 


124.2 
179.6 
220.6 
196.1 
174.0 - 
203.38 
193.6 
183.3 
187.7 
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: _ Percentage 
Deduced true Reversal point of variations} 
parasystolic cycle phase-response 
length* curvet + D 
124 68 9 8 
176 65 11 10 
216 60 8 5.5 
200 55 12 13.5 
170 63 14 il 
202 63 5 4 
194 62.5 8 8 
192 52 11 11.5 
188 59 7.5 8 





*Hundredths of a second. 
{Percentage of the true ectopic cycle. 








}Maximal positive and negative variations of the ectopic cycle effected by modulation, expressed as a percentage of the true ectopic cycle. 


RESULTS 


In the cases of parasystole the variation index 


ranged from 3.7 to 40 (Table I). Based on this index, | 


parasystole was classified as “regular” (an index < 5, 


cases 13 to 15) or “irregular” (an index > 7.5, cases 1 
to 12). Further analvsis revealed that the irregulari- 
ty was due to modulation in nine cases and to 
parasystolic resetting by critically timed sinus 
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Table Ill. Case 1: Analysis-of X-X intervals 





7 Duration of X-X intervals* re ea ' = : 
No. of ——_ No. of Duration of X-R; . 








Group ` ISBs Range Mean SD. . ECs} Mean ECs} intervals (range). . 
Ao o 1 128-135 1312 -` L8 A © 112. 78-88 
B . 2. 240-247 , 242.6 a 3.0 es : : 121.3 r : 91-108 
Cc. 4. 368-385 -> 3745 8B 124.8 "© 184-95 
*Hundredths a a second, i f 


tAssumed number of ectopic cycles contained within any X- X interval 
{Mean manifest ectopic cycle length. ~ : > 


Table IV. Case 2: Ali of X-X intervals (see footnotes to Table III) > 





. - Duration of X-X intervals ` . ; i ; ` pi ' : N 
No. of M No.of. >>. e’ _ Duration of X-R | __ 


Group _ I8SBs Range- -.. Mean . “SD ECs . Mean ECs _ ‘intervals (range) 
A 2 178-191 7 1859 8B 1 185.9 ° O A 
BI 4 343-366 353.7 59 2. 176.8 -` > 72-108 
B2 5 357-368. - 3621 245 . "1815 104-109 ` 
Cl 6 531-552 ' 5408 8, - 89 oa, ai alee 79-109 ` 
C2 4 3. 181.2 , >> 7 108-112 ` 





- 539-552- 543.6. BT 


impulses in three cases (Table I). The true or - the long xX- X-intervals were not in aiis of the 
-unmodulated parasystolic cycle was not evident in. shorter ones, a resetting sinus impulse that occurred 
any case of modulated parasystole, as two consecu- ‘at a critical period of the ectopic: cycle could be 
tive ectopic complexes, not separated by sinus beats, always identified. Furthermore, in most of such long - 
“were not observed. The true ectopic cycle length, as X-X intervals the distance between the penultimate 
well as the position of the reversal point in the -sinus beat and the ectopic complex ending the X-X 
phase-response curve, were deduced in each case by - interval was equal to a parasystolic cycle. . 
a method of trial and error (see below). Modulation In patients with atrioventricular block and idio- 7 
was diagnosed by drawing a phase-response curve ` ventricular escape rhythm, the variation index. was: 
for each case, which explained the irregularities of . <5 in 28 out of 32 patients, between 5 and 7.5 in 
the X-X intervals on the basis of a time-dependent ` three patients, and >7.5 in. only one patient, in 
modulating influence exerted by the sinus impulses whom a variation index of 9 was manifested. 

on an otherwise regularly discharging parasystolic f , 

focus. The possibility of explaining all the X-X DESCRIPTION OF CASES 

intervals with a single typical phase-response curve’ Case 1. Fig. 1 reflects a typical example of ventric- 
was considered as a fundamental diagnostic criteri- ular paraystole. Analysis of the interectopic. inter- 
on for the recognition of parasystolic modulation.. vals, however, reveals some irregularities, expressed 
Table II shows that in the reported. cases of modu- by a variation index of 12. For example, (1) the 
lated parasystole, the reversal point of the phase- > second X-X interval in the third strip (2.43 seconds) 
response curve occurs between 52% and 68% of the is less than twice the first X-X interval, which. 
ectopic cycle; the percentage variation of the ectopic measures 1.34 seconds, and (2) the third X-X inter- 
cycle length induced by modulation ranges from +14- val (3.75 seconds) is less than three times the first 
to —18.5%. Furthermore, it is evident that the’ X-X interval. Table III shows that the long X-X 
deduced true ectopic cycle length is in every case intervals, belonging to groups B and C, are always 
coincident with, or very close to, the mean apparent. slightly less than a multiple of the short (group A) | 
(manifest or calculated) parasystolic cycle length. X-X intervals, which contain a single ISB. More- 
Intermittent parasystole caused by resetting of the over, a definite difference, with minimal overlap, 
ectopic focus was recognized in three cases on the. exists between the X-R, intervals associated with 
basis of the following: (1) the relatively long X-X the different groups of X-X intervals. The group A - 
intervals were markedly irregular, whereas the short . X-X intervals reflect X-R, intervals shorter than 
X-X intervals were nearly constant, and (2) when those of the other groups. 
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Fig. 2. Phase-response curves. The curves labeled A, B, C, and D were derived from analyses of cases 1, 2, 


4, and 5, respectively. 


This tracing may be interpreted as an expression 
of modulated parasystole on the basis of the follow- 
ing: (1) The group A X-X intervals reflect a single 
prolonged parasystolic cycle, because (a) the long 
X-X intervals are less than a multiple of the short 
(group A) X-X intervals and (b) the group A X-X 
intervals are associated with relatively short X-R, 
intervals. If modulation actually occurs, relatively 
early sinus beats are likely to effect a delay of the 
next parasystolic discharge, thereby prolonging the 
parasystolic cycle. (2) The reversal point of the 
phase-response curve must be later than about 0.83 
second, namely, later than the longest X-R, interval 
associated with a group A X-X interval. This is 
because in prolonged parasystolic cycles, containing 
but one single sinus beat, such an intervening beat 
occurs before the reversal point, namely, in the delay 
section of the phase-response curve. (3) The true 
ectopic cycle length is less than 1.28 seconds, name- 
ly, less than the shortest group A X-X interval. Any 
group A X-X interval thus corresponds to a pro- 
longed parasystolic cycle. 

On this basis, a phase-response curve was con- 
structed by trial and error. The reversal point was 
fixed at 0.84 second, whereas the assumed true 
ectopic cycle length was progressively decreased by 
steps of 0.01 second, starting from the minimal 


possible value of 1.27 seconds. The curve best fitting 
all the data was obtained with a cycle of 1.24 
seconds. This curve is depicted in Fig. 2, A. The 
diagram under the third strip of Fig. 1 reflects the 
analysis of some X-X intervals based on the phase- 
response curve of Fig. 2, A. 

Case 2. The Fig. 3 reflects an example of ventric- 
ular parasystole, with variably coupled ectopic com- 
plexes and fusion beats. Many ectopic beats are 
interpolated. The X-X intervals are slightly irregu- 
lar, as suggested by a variation index of 10.9. Analy- 
sis of the interectopic intervals (Table IV) shows 
that the long X-X intervals (groups B and C) are 
slightly but consistently less than a multiple of the 
short X-X intervals belonging to group A. The X-X 
intervals for groups B and C were further divided 
into two subgroups on the basis of the number of 
ISBs. Thus the subgroups B1 and C1 contain four 
and six ISBs, respectively, whereas subgroups B2 
and C2 are associated with five and seven ISBs, 
respectively. This is because the first ectopic beat is 
interpolated in the B2 and C2 X-X intervals, so that 
these intervals contain one ISB more than the B1 
and C1 intervals, where no interpolation occurs. The 
group A X-X intervals, reflecting a single parasys- 
tolic cycle, contain two ISBs (R, and R,), because 
the first X beat is always interpolated. Analysis 
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Fig. 3. Case 2: A continuous recording of standard lead II. Symbols as in Fig. 1. Fusion beats are labeled 


shows that the X-R, intervals associated with the 
group A X-X intervals are longer than those associ- 
ated with the X-X intervals of groups B and C. 

On this basis it is possible to make the following 
assumptions: (1) The group A X-X intervals express 
a single prolonged parasystolic cycle. Thus they are 
longer than the calculated mean parasystolic cycle 
length resulting from division of the long X-X 
intervals by the number of parasystolic cycles con- 
tained within the X-X interval. (2) If every group A 
X-X interval corresponds to a prolonged parasys- 
tolic cycle, then the net modulating effect of beats 
R, and R, is delay of the ensuing ectopic impulse. 
Beat Ro, however, is expected to effect but a minimal 
delay, as it occurs very early in the ectopic cycle. 
Thus beat R, also exerts a delaying effect on the 
ectopic impulse. This reveals that the reversal point 
of the phase-response curve is later than any R, beat 
associated with a group A X-X interval; and since 
the longest X-R, interval of group A is 1.21 seconds, 
the reversal point must occur later than 1.21 seconds 
from the beginning of the ectopic cycle. (8) The true 
or unmodulated parasystolic cycle must be shorter 
than the shortest group A X-X interval (1.78 sec- 


onds), because any group A X-X interval expresses a 
prolonged parasystolic cycle. 

On this basis a phase-response curve was obtained 
by trial and error. The curve is depicted in Fig. 2, B, 
and is based on a true parasystolic cycle of 1.76 
second, with a reversal point at 1.23 seconds. A 
detailed interpretation of some interectopic inter- 
vals is reflected in the diagrams of Fig. 3. A group A 
X-X interval is-diagrammed at the beginning of the 
second strip, where both R, and R, beats delay the 
ensuing parasystolic discharge. The manifest ectopic 
cycle is consequently longer than the true parasys- 
tolic cycle. The group B and group C X-X intervals 
are, on the contrary, made up of both shortened and 
prolonged parasystolic cycles. 

Case 4. Fig. 4 reflects sinus rhythm at a rate of 
about 80/min, complicated by several ectopic ven- 
tricular beats with variable coupling intervals. The 
X-X intervals are roughly related but somewhat 
irregular (variation index = 15.8). Analysis of the 
interectopic intervals, subdivided into three groups 
according to the number of ISBs (Table V), shows 
that: (1) the group A X-X intervals, containing a 
single ISB, are associated with X-R, intervals 
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Fig. 4. Case 4: A continuous recording of standard lead II. Symbols as in Fig. 1. 


Table V. Case 4: Analysis of X-X intervals (see footnotes to Table III) 





Duration of X-X intervals 





No. of 
Group ISBs Range Mean SD 
A 1 173-199 185.6 7.8 
B 4 382-408 397.7 8.9 
C 6 588-604 596.0 6.6 





No. of Duration of X-R, 
ECs Mean ECs intervals (range) 
1 185.6 115-124 
2 198.9 84-107 
3 198.7 99-108 





remarkably longer than those associated with thé 
other groups of X-X intervals, and (2) the X-X 
intervals belonging to groups B and C are. longer 
than a multiple of the short (group A) X-X inter- 
vals. 

Parasystolic modulation thus appears very likely. 
The phase-response curve may be constructed as 
follows: (1) Since the X-X intervals belonging to 
groups B and C are longer than a multiple of the 
short X-X intervals, then the group A intervals 
express shortened parasystolic cycles, and/or the 
groups B and C X-X intervals contain prolonged 
ectopic cycles. (2) As the X-R, intervals associated 
with the group A X-X intervals are relatively long, 
beat R, is likely to provoke a shortening of the 


parasystolic cycle length. When, on the other hand, 
the X-R, interval is relatively short (less than 1.15 
seconds), beat R, delays the next parasystolic dis- 
charge, thereby prolonging the ectopic cycle. (8) The 
reversal point of the phase-response curve must be 
earlier than 1.15 seconds (the shortest X-R, interval 
of the group A X-X intervals) and later than 1.08 
seconds (the longest X-R, interval associated with a 
group B or C X-X interval). (4) The true ectopic 
cycle length must be longer than 1.99 seconds; and 
this corresponds to the longest group A X-X inter- 
val. The reason for this is that any group A interval 
corresponds to a single shortened parasystolic 
cycle. 

On this basis the phase-response curve was con- 
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Fig. 6. Case 10: A continuous recording of standard lead II. Numbers above the tracing reflect the 
interectopic (X-X) intervals, whereas numbers below the tracing reflect X-R, intervals. Fusion beats are 
labeled F. The ladder diagram under the bottom strip reflects the ventricle (V) and the parasystolic focus 
(EF). Large dots represent the parasystolic discharges. The stippled areas express the protection or 
entrance block. The second complex of sinus origin occurs in the bottom strip outside the protected period 
and resets the focus. The asterisk indicates where the parasystolic impulse would have been delivered in 


the absence of resetting. 
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Table Vi. Case 5: Analysis of X-X intervals (see footnotes to Table TD 








Duration of X-X intervals 





No. of 
Group ISBs Range Mean 
A 1 159-195 177.5 
B 4 503-520 513.8 
Cc 6 685-703 695.2 








structed by trial and error. A family of phase- 
response curves was drawn; the reversal point was 
fixed at 1.10 seconds, whereas the tested ectopic 
cycle length was initially the shortest possible (2.0 
seconds) and was subsequently increased by steps of 
0.02 second. The best curve (Fig. 2, C) was obtained 
by use of a true ectopic cycle length of 2.0 seconds. 
The diagrams in Fig. 4 explain some X-X intervals 
according to the phase-response curve of Fig. 2, C. 

Case 5. Fig. 5 shows a typical pattern of ventricu- 
lar parasystole. The interectopic intervals, however, 
are somewhat irregular and only roughly related, as 
expressed by a variation index of 15.7. Analysis of 
the X-X intervals (Table VI) shows that: (1) the 
group A X-X intervals, containing a single ISB, are 
remarkably variable, more than the intervals 
belonging to groups B and C, and (2) the group A 
X-X intervals are associated with X-R, intervals 
shorter than those of the other groups. 

The gross variations of the short X-X intervals 
may be explained by modulation. Despite the fact 
that the true parasystolic cycle is not immediately 
evident from the tracing, the phase-response curve 
may be deductively drawn as follows: (1) As the 
group A X-X intervals are markedly irregular (from 
1.59 to 1.95 seconds), some of them (the very short 
ones) correspond to shortened parasystolic cycles, 
whereas the very long ones reflect prolonged para- 
systolic cycles. (2) The relatively short group A X-X 
intervals are associated with long X-R, intervals, 
whereas the relatively long group A X-X intervals 
are associated with short X-R, intervals. This is 
evident from the top strip of Fig. 6 where the first 
X-X interval measures 1.62 seconds and has an X-R, 
interval of 1.18 seconds. The third X-X interval, 
however, measures 1.86 seconds, and its X-R, inter- 
val is 1.05 seconds. This suggests that beat R,, 
occurring at 1.18 seconds from the ectopic complex, 
accelerates the ensuing parasystolic discharge, 
whereas beat R,, occuring 1.05 seconds after the 
ectopic beat, delays the next parasystolic impulse. 
(3) The true ectopic cycle thus is longer than 1.59 
seconds (the shortest group A X-X interval) and 
shorter than 1.95 seconds (the longest group A X-X 





No. of Duration of X-R, 
ECs Mean ECs intervals (range) 
1 177.5 96-118 
3 171.3 116-139 
4 173.8 116-133 


interval). Furthermore,. the reversal point of the 
phase-response curve must be later than 0.96 second 
(the shortest X-R, interval associated with a group 
A X-X interval) and earlier than 1.18 seconds (the 
longest X-R, interval associated with a group A X-X 
interval). 

The phase-response curve was constructed by 
trial and error. Initially, an assumed true cycle 
length of 1.60 seconds (the shortest possible) was 
used, and then the postulated ectopic cycle length 
was increased by steps of 0.02 second until a satis- 
factory curve was obtained. The best curve fitting all 
the data was obtained by use of a true cycle length of 
1.70 seconds, with reversal point at about 63% of the 
cycle. This curve is shown in Fig. 2, D. The modulat- 
ing effect of the sinus beats is also reflected in the 
diagram of Fig. 5. 


DISCUSSION 


The data suggest the following: (1) In most cases 
of ventricular parasystole the interectopic intervals 
are more or less irregular. (2) Apart from the 
examples of intermittent parasystole, where the 
ectopic focus is discharged and thus reset by the 
sinus impulses, the irregularity is often and most 
likely due to modulation. 

The presence of a mathematic relationship 
between the interectopic intervals is a fundamental 
diagnostic criterion for the diagnosis of parasystole. 
Indeed, in uncomplicated parasystole the long X-X 
intervals would have to be in simple multiples of the 
short X-X intervals or in multiples of the calculated 
ectopic cycle. Furthermore, the shortest X-X inter- 
vals are expected to be constant, particularly when 
they express a single parasystolic cycle. In several 
published examples of ventricular parasystole, how- 
ever, the mathematic relationship between the 
interectopic intervals is somewhat approximate. 
Neither are the long X-X intervals exact multiples 
of the short X-X intervals, nor are the short inter- 
vals truly constant. The only clinical condition 
where an exactly regular ventricular parasystole 
occurs is that of artificial ventricular pacing with an 
asynchronous pacemaker discharging at a rate lower 
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than the sinus rate. Spontaneous parasystole, by 
contrast, is always associated with some irregulari- 
ties of the interectopic intervals. This is not surpris- 
ing, since a biologic pacemaker is not exactly regular. 
Accordingly, some variability of the parasystolic 
cycle can be accepted as “normal.” The results in the 
cases of idioventricular escape rhythm, however, 
suggest that the cycle of an idioventricular focus is 
but minimally variable, as revealed by a low varia- 
tion index. These data cannot be simply applied to 
parasystole, since the behavior of a protected pace- 
maker could be different from that of a nonpro- 
tected automatic focus. Nevertheless, it is evident 
that a ventricular escape pacemaker that cannot be 
disturbed by extraneous impulses will discharge 
regularly. Thus the marked variations often mani- 
fested by the parasystolic cycle probably result from 
the influence of the sinus impulses. 

Causes of irregular Interectoplic intervals. Irregulari- 


ty of the X-X intervals in the presence of parasys-. 


tole may be due to several mechanisms, including 
the following: (1) The parasystolic cycle undergoes 
spontaneous variations, totally independent of 
external events. (2) The ectopic cycle variations 
depend on changes in autonomic nervous tone or 
hormonal factors. For example, isoproterenol 
increases the rate of a parasystolic focus.” (3) The 
manifest ectopic cycle appears irregular, despite the 
constancy of the true ectopic cycle. This occurs 
when the conduction time from the focus to the 
surrounding myocardium is variable, as in a Wenck- 
ebach form of ectopic-ventricular block. (4) The 
sinus or dominant rhythm affects the parasystolic 
focus in one of the following ways: (a) resetting of 
the ectopic center, if the protection does not extend 
throughout the ectopic cycle**; (b) modulation— 
namely, delayed or accelerated discharge from an 
electrotonic influence‘; or (c) annihilation—that is, 
termination of the ectopic rhythm by a critically 
timed sinus impulse.” (5) The sinus rhythm 
induces ectopic beats owing to postulated reentry or 
reflection mechanism. If postulated reentry occurs 
within, or very close to, the parasystolic focus, the 
resulting premature extrasystolic complex will be 
identical to the parasystolic beat.” The interectop- 
ic intervals would thus theoretically become irregu- 
lar, since some ectopic complexes are automatic 
(parasystolic) and some others are postulated as 
reciprocating. 

The variation index. Although some irregularity of 
the interectopic intervals does not exclude parasys- 
tole, the maximal variation of the manifest ectopic 
cycle still compatible with the diagnosis of uncom- 
plicated parasystole has not been established. It has 
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been reported that the shortest interectopic inter- 
vals can vary up to 0.27 second, although these 
variations do not usually exceed 0.12 second.””* 

The index proposed here—the variation index— 
expresses the maximal difference among the short 
X-X intervals observed in the same tracing, inde- 
pendently of their length. Furthermore, since the 
maximal observed variation is expressed as a per- 
centage of the mean parasystolic cycle, it is also 
possible to compare the irregularity of X-X intervals 
observed among patients with different parasystolic 
cycle lengths. It must, however, be stressed that 
measurements of the interectopic intervals and 
related calculations must be limited to a relatively 
brief (no longer than 5 minutes) continuous strip of ` 
resting ECG, because changes in autonomic tone or 
spontaneous fluctuations of the ectopic cycle length 
are more likely to occur in long than in brief 
recordings. With relatively long recordings we have 
at times observed slight variations of the ectopic 
cycle length that were apparently independent of 
the sinus rhythm but clearly related to the sinus 
rate. This was evident in case 11, where at the 
beginning of the recording the sinus rate was 115/ 
min, and the ectopic cycle measured 1.21 sec; wheére- 
as 15 minutes later the sinus rate decreased to 
100/min, and the parasystolic cycle was prolonged to 
1.28 seconds. 

Apart from those cases of intermittent parasys- 
tole, the cases reported here are associated with 
variation indices ranging from 3.7 to 15.8. It is worth 
noting that when the irregularity of X-X intervals 


_ was irrelevant, as expressed by a very low variation 


index (cases 13 to 15), it was not possible to recog- 
nize any influence of sinus rhythm on the ectopic 
focus. These cases may thus be defined as “regular” 
or “true” parasystole. Regular parasystole, however, 
does not rule out a modulating influence. of the sinus 
rhythm on the parasystolic focus. Thus a minimal | 
degree of modulation leading to negligible changes 
of the ectopic cycle cannot be recognized by analysis 
of the clinical ECG. When, in contrast, the variation 
index was greater than 7.5, analysis of the recording 
revealed a definite mechanism responsible for the 
irregular X-X intervals. Thus, if ventricular para- - 
systole is associated with irregular X-X intervals, it 
is necessary to determine whether this irregularity is 
random or depends on the effect of sinus beats. The 
results of the present research suggest that when the 
variation index is very high (>22), parasystolic 
resetting (intermittent parasystole) is probably 
involved. The higher variation index in intermittent 
parasystole than in modulated parasystole is not 
surprising, since the ectopic cycle variations effected 
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by modulation are smaller than those caused by the 
- resetting of the focus. Thus the maximal modulated 
change of the ectopic cycle was 14%, whereas varia- 
tions as great as 50% were observed in intermittent 
parasystole. It should be noted that a significant 
difference in the variation index between modulated 
and intermittent parasystole can be expected only in 
the presence of typical parasystole. Modulation, 
indeed, can even be associated with ectopic cycle 
variations remarkably higher than those reported 
here.*1® When this occurs, however, the classical 
signs of parasystole disappear as a consequence of 
the excessive ectopic cycle variability, and parasys- 
tole becomes atypical to the extent that it cannot be 
recognized at first glance. 

The diagnosis of intermittent parasystole. Intermit- 
tent parasystole is usually easily recognized on the 
basis of the following: (1) The short interectopic 
intervals are constant, whereas the long intervals 
appear variable and often appear not to be mathe- 
matically related to the short X-X intervals. (2) The 
X-R, intervals associated with the X-R,-X intervals 
are variable despite the constancy of the X-R,X 
intervals. This rules out the possibility that beat R, 
exerts a modulating effect. (8) Analysis of the rela- 
tionship between the manifest or inapparent para- 
systolic impulses and the sinus beats reveals that 
when a sinus complex occurs in a short critical 
period of the ectopic cycle, the ectopic focus is 
discharged and reset. 

Fig. 6 reflects a case of intermittent parasystole 
characterized by constancy of the short X-X inter- 
vals. The diagram shows that the irregularity of X-X 
intervals is due to resetting of the parasystolic focus 
by the sinus beats that occur during the final part of 
the ectopic cycle. This case thus reflects an early, or 
phase 3, protection block. 

The diagnosis of modulated parasystole. Recogni- 
tion of modulation is more difficult than that of 
intermittency. Thus the relationship between the 
variability of X-X intervals and the timing of the 
sinus beats can be easily established only if the 
“pure” or unmodulated ectopic cycle is revealed by 
two consecutive ectopic beats not separated by any 
sinus complex. When, on the other hand, the true 
ectopic cycle is not available, the recognition of 
modulation can be very difficult, particularly when 
the irregularity of the X-X intervals is so slight as to 
appear irrelevant. 

In the cases reported here, modulation was diag- 
nosed by deductive analysis of the X-X intervals, 
grouped according to the number of ISBs. When (a) 
the relatively long X-X intervals are always longer 
than a multiple of the short X-X intervals (case 4) or 
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Table VII. Correlation between X-R,-X and R-X intervals 
‘and between X-R,-X and X-R, intervals 








r Values 
Correlation Correlation 
Case X-R-X/R-X X-R-X/X-R, 

1 —0.15 0.75* 

2 5 ma 

3 ae _ 

4 0.32* —0.18 

5 0.99* —0.89* 

6 0.99* —0.88* 

7 0.35 —0.06 

8 0.43 —0.06 

9 0 98* —0.90* 





The r values obtained for every case of modulated parasystole are shown. 
See text. 
*p < 0.01. 


(b) the relatively long X-X intervals are always less 
than a multiple of the short X-X intervals (cases 1 
and 2), the irregularity cannot be coincidental but 
depends on a definite mechanism. Thus, had the 
variability of X-X intervals occurred by chance, the 
long X-X intervals would have been both longer and 
shorter than a multiple of the short X-X intervals. A 
further observation that can suggest modulation is 
the excessive variability of the short X-X intervals 
in the presence of nearly constant or less variable 
long X-X intervals (zase 5). 

It is worth noting that in all the analyzed cases of 
modulated parasystole, the true ectopic cycle 
deduced from analysis of the tracings coincides with 
the mean apparent (manifest or calculated) parasys- 
tolic cycle obtained by evaluation of all the X-X 
intervals (Table ID). The difference between true 
ectopic cycle and mean apparent ectopic cycle is 
minimal, ranging from 0.002 to 0.087 second. This 
may be of practical importance, because the deduc- 
tive calculation of the true ectopic cycle is complex, 
and an assumed value of the parasystolic cycle 
length may be accepted only if this value enables the 
construction of the best phase-response curve; 
namely, a curve that explains all the actual X-X 
intervals. Calculation of the mean apparent parasys- 
tolic cycle instead is much more simple. This param- 
eter therefore could be used to approximate the true 
ectopic cycle length. The phase-response curve thus 
could be directly constructed starting from the mean 
apparent cycle. This would prevent the need for 
repetitive sequential attempts to discover the true 
ectopic cycle. The lack of difference between the 
deduced true ectopic cycle and the apparent mean 
parasystolic cycle is not casual, since it occurs in all 
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the cases. It is due to the fact that in every case both 
prolonged and shortened parasystolic cycles occur. 
And since all the phase-response curves are quite 
symmetric, resulting in positive and negative varia- 
tions of the ectopic cycle that are nearly identical, a 
compensation between prolonged and shortened 
cycles occurs. Thus the mean manifest parasystolic 
cycle obtained from a sufficiently large number of 
X-X intervals is substantially identical to the true 
ectopic cycle. 

A simple procedure for the recognition of parasys- 
tolic modulation was proposed by Nau et al.” Their 
method is based on the correlation between X-R,-X 
interval (interectopic interval containing a single 
ISB) and R,-X interval. When a positive correlation 
between these occurs, modulation may be recog- 
nized. In two of the nine cases of modulated parasys- 
tole reported here, this method could not be applied, 
since no X-X intervals containing a single ISB were 
present. However, a positive correlation was found 
in four cases out of the remaining seven (Table VII). 
Table VII shows also that a significant correlation 
between X-R,-X and X-R, occurred in four cases, 
three of which also reflect a correlation between 
X-R,-X and R,-X. Hence the procedure proposed by 
Nau et al.” appears useful, although it cannot be 
applied to all the cases and may sometimes lead to 
underdiagnosis. 

Conclusions. This study suggests that parasys- 
tolic modulation is a very common phenomenon, 
although the analyzed sample is too small to provide 
reliable data on the incidence of modulation. 
Although parasystole was first recognized in the 
early years of this century, several aspects of this 
arrhythmia are still controversial, despite recent 
experimental and clinical progress. 

Evidence that the sinus rhythm can deeply affect 
a parasystolic focus has even put into question the 
very definition of parasystole. It is now clear that a 
precise distinction between parasystolic (or inde- 
pendent) rhythm and extrasystolic (or dependent) 
rhythm is no longer possible, since both rhythms are 
more or less linked to the sinus or dominant rhythm. 
Hence ectopic ventricular complexes with features 
suggesting an extrasystolic rather than parasystolic 
origin could be, at times, the expression of a parasys- 
tolic rhythm where the ectopic cycle undergoes large 
modulated variations, to the extent that parasystole 


becomes unrecognizable. Data supporting this point 


of view have been recently reported.” © 
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Evaluation of Björk-Shiley prosthetic valves by 
real-time two-dimensional Doppler 
-echocardiographic flow mapping 


‘We studied the value of two-dimensional Doppler echocardiographic color flow mapping for 
identifying normal transvalve flow profiles and valve malfunction in 20 patients with Bjérk-Shiley 
prosthetic valves. Seven patients had Bjérk-Shiley prosthetic valves in the aortic position alone, 
seven in the mitral position, and six had prosthetic valves in both the aortic and mitral positions. 
in 10 patients with normally functioning mitral valves, the ratios of the maximal major and minor 
Doppler-imaged orifice flow diameters to the valve ring diameters were 25 + 3% (mean + SD) 
and 24 + 3%, respectively, similar to values reported in in vitro studies. No mitral regurgitation 
was found in these patients by two-dimensional Doppler echocardiographic flow mapping or by 
spectral Doppler. Of the 10 clinically normal aortic Bjérk-Shiley valves, no valvular regurgitation 
was found by color flow mapping, whereas mild aortic regurgitation was found in two patients 
with the use of spectral Doppler. Malfunction of six valves was documented in five patients and 
was confirmed by cardiac catheterization and/or surgery. These included one case of focal 
fibrous ingrowth involving primarily the minor orifice of a mitral prosthetic valve, one case of 

- mitral valve prosthetic thrombosis with decreased major and minor orifice flow diameters and 

_ valvular regurgitation, and four cases of paravalvular regurgitation involving prosthetic valves in 
the aortic position (three patients) and the mitral position (one patient). Two-dimensional Doppler 

. echocardiographic flow mapping provides new observations that may aid in identifying 
Bjork-Shiley prosthetic valve malfunction. By localizing precisely the site of prosthetic stenosis or 
regurgitation, it may also assist in defining the cause of valve malfunction. (Am Heart J 


1988;115:133.) 


Howard Dittrich, M.D.,* Pascal Nicod, M.D.,* Brian Hoit, M.D.,** l l 
Nancy Dalton, R.D.M.S.,* and David Sahn, M.D.***. San Diego, Calif. 


Björk-Shiley prosthetic valve malfunction has been 
occasionally reported as a dramatic clinical event 
‘that requires prompt recognition and surgical cor- 
rection.! Other types of valve malfunction are more 
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indolent and slowly progressive. Many -noninvasive 
techniques have been used with mixed results for 
detecting prosthetic valve malfunction, including 
phonocardiography,”* cineradiography,’ and echo- 
cardiography.*’ Limitations described with each of 
these techniques depend in part on the type of 
prosthetic valve being evaluated. In the case of 
Bjérk-Shiley prosthetic valves and other mechanical 
valves, echocardiography is limited by problems of 
transducer alignment, reverberations from nonbio- ` 
logic materials, and side lobe artifacts. Spectral 
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Table |. Clinical characteristics and two-dimensional Doppler echocardiographic findings in five patients with - 


malfunctioning Bjérk-Shiley prosthetic valves 











Case 2-D Doppler 
no. Valve/size Malfunction findings 
1 Mitral, 29 mm Stenosis Diminished flow 
through minor 
orifice 
2 Mitral, 27 mm Stenosis Decreased flow 
through major 
and minor 
orifices with 
valvular 
regurgitation 
3 Mitral, 29 mm Regurgitation Paravalvular MR 
Aortic, 21 mm Regurgitation | Paravalvular AI 
4 Aortic, 21 mm Regurgitation Paravalvular AI 
5 Aortic, 28 mm Regurgitation Paravalvular AI 


Catheterization 
data 


MVA 1.7 cm? 

Mean pressure 
gradient: 11 mm 
Hg 

No MR 

Not performed 


50 mm Hg V wave 
on pulmonary 
artery wedge 
tracing 

1+ paravalvular AI 


1+ paravalvular AI 
2+ paravalvular AI 


Surgical 
findings 


Focal fibrous 
ingrowth limiting 
minor orifice flow 


Disc thrombosed in 
fixed, partially 
open position 


10 mm long 
dehiscence of 
valve posteriorly 


3 mm long anterior 

periprosthetic leak 
Not performed 
Not performed 





Al = aortic insufficiency; MVA = mitral valve area; MR = mitral regurgitation. 


Doppler echocardiography, with both pulsed wave 
and continuous wave modes of interrogation, has 
been shown to be valuabie in recognizing prosthetic 
valvular obstruction and regurgitation. Though 
only recently introduced, real-time two-dimensional 
Doppler echocardiographic flow mapping has been 
extensively applied to the evaluation of native valve 
disease.’* Its value in defining flow profiles across 
various prosthetic valves and in detecting valve 
malfunction, however, is not known. Flow profiles of 
Bjérk-Shiley valves have been previously described 
in in vitro systems.’* In this clinical study we 
evaluated the ability of two-dimensional Doppler to 
define normal flow profiles across Bjérk-Shiley pros- 
thetic valves and to detect malfunction of valves in 
the aortic and mitral position. In particular, we 
assessed whether the two-dimensional Doppler flow 
patterns obtained with this technique allowed a 
precise localization and characterization of prosthet- 
ic valve obstruction or regurgitation. 


METHODS 


Patient population. Twenty patients, 9 males and 11 
females, aged 7 to 74 years, were evaluated between June, 
1984, and December, 1986. Seven patients had Bjérk- 
Shiley prosthetic valves in the aortic position, seven in the 
mitral position, and six in both the aortic and mitral 
positions. Fifteen patients were asymptomatic, had nor- 
mal valve function on serial clinical evaluations, and did 
not undergo cardiac catheterization. Five patients were 
suspected on clinical grounds to have valve malfunction 


involving six valves. Their clinical characteristics and the 
valves involved are shown in Table I. All of these patients 
underwent cardiac catheterization and/or cardiac sur- 
gery. 

Cardiac catheterization. A No. 7 French thermodilution 
balloon flotation catheter was introduced via the right 
femoral vein to the pulmonary artery, and a No. 7 French 
pigtail catheter was similarly introduced via the right 
femoral artery and advanced to the proximal aorta. In 
patients without prosthetic aortic valves, the catheter was 
advanced to the left ventricle. Pressures and thermodilu- 
tion cardiac output were recorded in a standard fashion and 
valve area was calculated according to the standard Gorlin 
formula.” Left ventriculography and aortic root injection 
were performed when clinically indicated. 

Two-Dimensional Doppler echocardiography flow 
mapping. Studies were performed on an Irex-Aloka SSD 
880 two-dimensional Doppler phased-array system (Aloka 
Co., Ltd., Tokyo, Japan). A subset of patients were also 
studied with a Toshiba SSH-65A scanner (Toshiba Corp., 
Tokyo, Japan). With these instruments, a color-coded 
Doppler flow map is superimposed on a real-time two- 
dimensional echocardiographic display, as previously 
described. 

The Irex-Aloka color flow imaging system was used with 
2.5 or 3.5 MHz transducers. The system utilizes an 
autocorrelator to perform high-speed calculations of mean 
velocities from multiple sampling sites. This allows the 
display. in a real-time format. As we used this device, flow 
images consisted of 32 lines of information over 52 degrees 
of sector at 15 frames/sec. Calculated and autocorrelated 
mean velocities of blood flow are displayed in three modes, 
providing information about direction, velocity of flow, 
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Fig. 1. Apical four-chamber view of a normal mitral 
Bjérk-Shiley prosthesis. The major (large arrow) and 
minor (small arrow) orifice flow diameters are seen. 
LA = left atrium; S = interventricular septum. 


and presence of velocity variance (turbulence). Blood flow 
toward the transducer is depicted as red, and flow away 
from the transducer depicted as blue. Velocities are 
represented by varying shades (lighter shades for higher 
velocities). Color aliasing occurs when velocity exceeds the 
Nyquist limit (one half the pulse repetition frequency). 
During color flow mapping, aliasing is represented by 
reversal of color, i.e., blue flow areas will have a red zone 
and red flow areas will have a blue zone. Turbulence 
produces a spread in velocities (variance) that is detected 
by the autocorrelator and displayed by the addition of 
varying degrees of green to the primary color (red or blue). 
The two-dimensional echocardiographic images with 
superimposed color flow images are stored on videotape 
for playback purposes. 

Images were obtained from the apical four- or two- 
chamber views as well as from a parasternal position. The 
transducer angulation was often modified in order to 
maximize color flow patterns. Gain settings were adjusted 
to optimize the signal-to-noise ratio and to image separate 
flows from the orifices of the Bjérk-Shiley valves. The 
lowest pulse repetition frequency (4 MHz) was used. 

Measurement Of Bjérk-Shiley mitral valve flow. Ten 
normal Bjérk-Shiley valves in the mitral position were 
evaluated with color flow mapping in order to identify 
normal flow patterns. The flow diameter through the 
major and minor orifices of the valve was measured at 
peak diastolic flow, at a point 1 cm from the ventricular 
surface of the valve ring, where two distinct flow jets could 
be identified (Fig. 1). This position for measurement of 
the flow diameters was chosen for its reproducible location 
with regard to the valve orifice and because the jets at this 
point have not yet widened and dispersed.’ Prosthetic 
valve ring diameter was measured on the same two- 
dimensional echocardiographic image. A ratio of flow 
diameter to valve ring diameter was constructed for both 
orifices. This ratio of flow diameter to valve ring diameter 
is similar to the “Performance Index” described by Gab- 
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Fig. 2. Major and minor orifice flow diameters as a 
percentage of total valve diameter in all mitral valves 
(e = normal valves). Note the decreased flow diameter 
primarily through the minor orifice in patient No. 1 (A) 
due to focal fibrous ingrowth, and the uniformly dimin- 
ished flow diameter in patient No. 2 (O) due to a 
thrombosed, partially open prosthesis. 


bay et al. in their in vitro hydrodynamic study.” Measure- 
ments of these flow diameters were made with a comput- 
er-linked digitizer directly from the video screen. Interob- 
server and intraobserver variabilities of the measurements 
were tested. Similar measurements were made for the two 
malfunctioning mitral prosthetic valves. To limit any 
variability introduced by using different scanners, all 
measurements were made from studies performed on the 
Irex-Aloka. 

Bjérk-Shiley aortic valve. Imaging of aortic systolic 
flow provided distinct, measurable flow patterns in only 2 
of the 10 normally functioning valves. In the remaining 
eight aortic valves, flow patterns were obscured by valve 
motion artifacts or were suboptimal because of difficulties 
with transducer alignment or ultrasound attenuation. 
Thus, no attempt was made to assess this parameter. 

Measurement of valvular regurgitation. Aortic regurgi- 
tation was suggested by the detection of a diastolic 
regurgitant jet of variegated colors in the left ventricular 
outflow tract when a five-chamber apical or parasternal 
long-axis view was used. Timing was verified by spectral 
Doppler with sample volume placement under color flow 
imaging guidance. No attempt was made to map the jet in 
order to quantify its severity. Mitral insufficiency was 
identified as a systolic jet within the left atrium away from 
the transducer, as seen in the apical or parasternal 
views. 


RESULTS 


Normal Bjérk-Shiley prosthetic valves. Fifteen 
asymptomatic patients with serial normal physical 
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Fig. 3. Focal fibrous ingrowth primarily involving the minor orifice produced mitral stenosis and 
diminished minor orifice flow (small arrow), as seen in this apical four-chamber view. Note the relatively 
normal major orifice flow profile (large arrow). LA = left atrium; S = interventricular septum. 

Fig. 4. Angulated apical four-chamber view of a thrombosed, stenotic Bjérk-Shiley valve with dimin- 
ished major (large arrow) and minor (small arrow) orifice flow diameter. LA = left atrium; LV = left 
ventricle. 


Fig. 5. Angulated, apical four-chamber view of paravalvular mitral regurgitation (large arrow). LA = left 
atrium; LV = left ventricle; small arrow = Bjérk-Shiley mitral valve. 


Fig. 6. Pulsed wave (left) and color (right) Doppler views of paravalvular aortic regurgitation. The 
narrow blue jet (arrow) originating from the right coronary sinus is seen in this parasternal long-axis view. 
Al = aortic insufficiency; LA = left atrium; LV = left ventricle. 


examinations were considered to have normally 
functioning prosthetic valves. Within this group 
were 10 valves in the aortic and 9 valves in the mitral 
position. None of the valves showed any regurgita- 
tion by two-dimensional Doppler echocardiographic 
flow mapping. With the use of conventional spectral 
Doppler, two aortic prosthetic valves and no mitral 
valves were found to have some degree of regurgita- 
tion. 

In the 10 normal mitral Bjérk-Shiley valves (size 
27 to 31), the diameter of color flow measured 
through the major orifice was 25 + 3% (mean + 
SD) of the valve ring diameter, while flow through 


the minor orifice was 24 + 3% (Fig. 2). Intraobserv- 
er variability for two consecutive measurements was 
3%, while interobserver variability between two 
independent observers was 7%. 

Bjérk-Shiley prosthetic valve malfunction. In the five 
patients with prosthetic valve malfunction, three 
valves were in the mitral and three were in the aortic 
position (Table I). Dysfunction was documented by 
cardiac catheterization alone in two patients, at the 
time of cardiac surgery in one patient, and at both 
catheterization and surgery in two patients. One 
patient underwent emergency surgery without car- 
diac catheterization on the basis of his physical 
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examination and noninvasive findings (patient No. 
2). Two prosthetic mitral valves were stenotic, one 
primarily at the level of the minor orifice (patient 
No. 1, Fig. 3), and one was stenotic at the level of the 
minor and the major orifices (patient No. 2, Fig. 4). 
At surgery, focal fibrous ingrowth limiting minor 
orifice flow was found in patient No. 1, while valve 
thrombosis was found in patient No. 2. Valvular 
regurgitation was also found in patient No. 2 and 
was confirmed at surgery, where the value was found 
to be thrombosed in a fixed, partially open position. 
Four valves presented paravalvular leaks (patients 
No. 3, 4, and 5) that were confirmed during cardiac 
catheterization. The paravalvular location of the 
regurgitation was suggested by the noninvasive 
study in each case (Figs. 5 and 6). One of these 
patients (patient No. 3) required cardiac surgery, 
with surgical documentation of both the mitral and 
aortic paravalvular leaks. Regurgitation was 
detected in three cases by spectral Doppler analysis 
but was missed in one case of paravalvular aortic 
regurgitation. Subsequent evaluation with color flow 
mapping guidance allowed detection of the regurgi- 
tant jet by pulsed wave Doppler analysis. Further- 
more, the paravalvular location of the regurgitation 
could not be ascertained by spectral Doppler analy- 
sis. 


DISCUSSION 


The findings of our study suggest that two- 
dimensional Doppler echocardiographic flow map- 
ping can be useful in the evaluation of patients with 
Bjérk-Shiley prosthetic valves. The ratios of major 
and minor orifice flow diameter to valve ring diam- 
eter determined in a group of patients with clinically 
normal prosthetic valves in the mitral position were 
similar to in vitro measurements reported by Yoga- 
nathan et al. and others.'* ° In the study of Yoga- 
nathan et al., they also reported a dispersion of the 
flow through the minor and major orifices at or 
beyond 20 mm distal to the valve. In a previous 
study, Dittrich et al.!8 reported a comparison of in 
vivo two-dimensional Doppler flow mapping and in 
vitro laser Doppler anemometric measurements per- 
formed 10 mm beyond the major and minor orifices 
of Bjérk-Shiley valves. In their study, a good corre- 
lation was found between both techniques. The in 
vitro determinations of flow diameter as a ratio of 
valve ring diameter were 30% for the minor orifice 
and 27% for the major orifice. These results are very 
similar to the values obtained in our present study. 
Color flow mapping Doppler, however, does not 
allow a three-dimensional assessment of flow area. 
Thus, we cannot rule out a difference in flow areas 
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between the two orifices of the Bjérk-Shiley valve, 
despite similar flow diameters. 

The two patients with stenotic mitral valves were 
recognized by a decrease in the flow diameter of the 
minor orifice in one instance and by decreases of 
flow diameter of the minor and major orifices in 
another instance. The localized reduction of flow 
primarily through the minor orifice suggested focal 
obstruction that was confirmed by the presence of 
focal fibrous ingrowth at surgery. The reduction of 
flow through both orifices and concomitant regurgi- 
tation suggested an overall reduction of valve disc 
motion. At surgery, valve thrombosis was found. 
Thus, this technique may be valuable, not only in 
detection but also in localization of the site of 
prosthetic mitral obstruction, and therefore may 
assist in defining the cause of malfunction. Valvular 
and paravalvular regurgitation could be correctly 
identified in prosthetic valves in the mitral and 
aortic position. The localization of the regurgitant 
jet also gave a clue as to the cause of valve malfunc- 
tion. Valvular regurgitation associated with obstruc- 
tion (patient No. 2) suggested valve thrombosis and 
prompted immediate surgery without preoperative 
catheterization. Paravalvular location of the regurgi- 
tation suggested valve dehiscence in the absence of 
signs of infection. None of the normal prosthetic 
valves showed any degree of regurgitation on color 
flow mapping. Although this may in part be due to a 
lack of sensitivity of the method, it prevented a false 
diagnosis of valve malfunction. 

Spectral Doppler has been shown to help in 
identifying patients with Bjérk-Shiley prosthetic 
valve malfunction. In particular, it is valuable in the 
detection of valve obstruction in both the mitral and 
aortic position. However, its value is limited in the 
mitral position by the wide range of calculated 
mitral orifice areas from normal prosthetic valves.® 
Furthermore, this technique does not allow a precise 
localization of the obstruction to the major or minor 
orifice. Similarly, spectral Doppler usually does not 
allow good differentiation between valvular and 
paravalvular regurgitation.” Finally, trivial valvular 
regurgitation seen sometimes in normally function- 
ing Bjérk-Shiley prosthetic valves may be difficult 
to differentiate from abnormal regurgitation. 

Limitations. Although two-dimensional Doppler 
echocardiographic flow mapping seems promising in 
the noninvasive evaluation of prosthetic valves, it 
remains to be tested in a larger number of patients 
with both normal and abnormal Bjérk-Shiley pros- 
thetic valve function. In particular, the value of 
Doppler flow mapping in detecting mild degrees of 
obstruction or regurgitation remains to be shown. 
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The technique seems to be limited to the evaluation 
of mitral inflow obstruction and aortic and mitral 
valve regurgitation. Assessment of aortic outflow is 
limited by valve motion artifacts, problems with 
transducer alignment, and ultrasound attenuation 
on apical views. Other limitations of the technique 
include a low signal-to-noise ratio, a low Nyquist 
limit, the effect of gain on the appearance of flow, 
and a low frame rate for imaging. The type of 
scanner, transducer frequency, and pulse repetition 
frequency affect color flow diameter measurements 
and must be considered when attempting any color 
flow quantification.” This may be particularly 
important in the serial evaluation of prosthetic valve 
flow diameters when assessing for progression of 
stenosis over time. 

Despite these limitations, two-dimensional Dopp- 
ler echocardiographic flow mapping seems to be a 
valuable tool in detecting and localizing Bjérk- 
Shiley prosthetic valve malfunction and may lead to 
prompt clinical recognition and treatment. 


We thank Ole Knudson for his technical expertise, and Rose- 
mary Montoya for her secretarial help. 
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Although coronary artery atherosclerosis is the 
predominant cause of myocardial ischemia, two addi- 
tional mechanisms can be responsible for significant 
ischemic syndromes: coronary vasospasm and myo- 
cardial bridging. The management of these alterna- 
tive ischemia-provoking mechanisms differs from that 
of more common “fixed” coronary artery obstructive 
disease in several regards; indeed, some drugs that 
are effective in the latter may worsen the symptoms in 
these “dynamic” coronary obstructive syndromes. 
Similarly, drugs that are effective in one type of 
“dynamic” coronary stenosis may be ineffective or 
may actually worsen the other type because patho- 
genetic mechanisms differ. It is important to note also 
that two or more causes of myocardial ischemia may 
coexist and that therapy aimed at one condition may 
worsen the other(s). 


Coronary vasospasm (Prinzmetal’s variant angina) 
should be suspected when anginal episodes occur 
almost exclusively at rest; it can be confirmed by 
demonstrating ST segment elevation during sponta- 
neous, self-limited episodes of chest pain. Although 
pain during exercise is uncommon in patients with 
Prinzmetal’s variant angina, pain during recovery 
from exercise may suggest vasospasm. Significant 
morbidity—including life-threatening arrhythmias (ven- 
tricular tachycardia, ventricular fibrillation, and atrio- 
ventricular block), myocardial infarction, and sudden 
death—can occur during episodes of variant angina. 
Coronary arteriography is frequently of value in cases 
of suspected variant angina to rule out or to define the 
extent of concomitant coronary obstructive disease. 
In some instances, pharmacological provocation of 
coronary vasospasm with ergonovine maleate may 
be useful during coronary arteriography to confirm 
that vasospasm reproduces the symptoms and ECG 
changes and to demonstrate the extent and distribu- 
tion of the region(s) of coronary vasospasm. 


Therapy of Prinzmetal’s variant angina attempts to 
dilate or alternatively to prevent narrowing of the 
epicardial coronary arteries by use of coronary vaso- 
dilators (nitrates and calcium channel blockers) and 
by avoidance of potential spasm-provoking influences. 
(smoking and unopposed alpha adrenergic tone 
induced by beta blockers). 


Myocardial bridging occurs when a coronary artery 
courses intramyocardially for some distance (gen- 
erally 1 cm to 3 cm) before returning to the epicardial 
surface. This anomaly—found in 1% to 5% of patients 
undergoing coronary angiography—is suspected when 
an epicardial coronary artery narrows during systole. 
It is more common in patients who have left ventricular 
pressure overload or in whom the ventricle is hyper- 
kinetic (aortic stenosis, systemic hypertension, and 
hypertrophic cardiomyopathy). This systolic narrow- 
ing is generally not thought to be responsible for 
myocardial ischemia because 75% to 95% of coronary, 
blood flow occurs during diastole, when these arter- 
ies resume their normal caliber. Recent data suggest, 
however, that severe narrowing due to myocardial 
bridging may play a role in the production of angina 
pectoris, myocardial infarction, and sudden death. 
The degree of systolic narrowing is increased by 
vasodilators or by agents that increase contractility 
of the left ventricle. 


Chest pain associated with myocardial bridging may 
be unrelated to exertion. Because there may or may 
not be ST segment depression demonstrated on exer- 
cise, there is overlap with the clinical manifestations 
of Prinzmetal’s variant angina and coronary athero- 
sclerosis. Radionuclide ventriculography and thallium 
scintigraphy variably show exercise-induced abnor-._ 
malities of wall motion or myocardial perfusion. Therapy 
consists of reducing myocardial contractility with beta 
blockers and avoiding vasodilators that may induce 
reflex increases in myocardial contractility. 


The two dynamic forms of coronary stenosis may 
have a pathophysiologic connection. Intraoperatively, 
tactile stimulation of an epicardial artery in a patient 
with Prinzmetal’s angina may precipitate spasm, and 
these patients have an increased predilection for 
catheter-induced spasm during coronary arteriography. 
Thus, vigorous contraction of a myocardial bridge 
could provide sufficient stimulation to induce 

arterial spasm. 


Illustrative Case History 

A 59-year-old woman was well until three weeks prior 
to hospital admission when she developed paroxysmal, 
nocturnal chest heaviness that woke her from sleep. 
The chest tightness radiated to the left arm and neck, 
was associated with diaphoresis, and was relieved 
either by sitting up or by walking for five to six 
minutes. After a prolonged episode that lasted 20 
minutes, the patient was admitted to the hospital. 


On hospital admission, physical examination, chest 
x-ray, and 12-lead ECG were normal. An echocardio- 
gram revealed hyperdynamic left ventricular function 
but was otherwise normal. There was no electrocar- = 
diographic or enzymatic evidence of myocardial infarc- 
tion during 48 hours of observation. The patient did 
have one episode of chest pain that was relieved by 
sublingual nitroglycerin. She then underwent cardiac 
catheterization. 


LJ Yes, please send me a complimentary set of slides and information 


D 
D 
g 
(= 
D 
a] 
® 
bS 
a 
12) 
S] 
g 
E 
o 
£ 
3 
K 
Ss 
5 
= 
a] 
Ò 
° 
S 
E 
c 
5 
= 
E ces 
D 
5 
£S 
E 
2 
= 
© 
© 
= 
~ 
o 
£ 
D 
£ 
£ 
f 
g 
— 
D 
ro 


xo) 
D 
2 
n 
a 
Q 
> 
a 


Telephone No. 





FIGURE 3: STRESS ELECTROCARDIOGRAPHY 
Tape here. 


Left precordial 
leads from the 
pre-exercise 12- 
lead ECG reveal 
isoelectric ST 
segments. 


ST segment ele- 
vations of up to 

5 mm developed 
in the precordial 
leads one minute 
after exercise 
coincident with 
the onset of 
chest pain. 











Tape here. 
*a1əy ade, 


The patient was treated with a calcium channel blocker 
and nitroglycerin paste every 6 hours. A repeat stress 
test of similar duration and to the same heart rate 
was not associated with induced chest pain or ECG 
changes during exercise or in the recovery period. A 
24-hour Holter ECG recording did not reveal any ST 
segment shifts. At 18 months of follow-up, the patient 
has been free of chest pain on the medical regimen 
initiated at the hospital. 
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Human myocardial denon: triphosphatase 
la in health and heart failure 


This study was designed to determine: (1) the myocardial adenosine triphosphatase (ATPase) 

activities of normal humans and patients with dilated cardiomyopathy and (2) whether ATPase 

activity is related to age, cause and severity of heart failure, and digitalis therapy. l 

Endomyocardial biopsies were performed in 32 subjects. Results from six were normal. 

Ventricular failure in the other 26 was idiopathic (n = 15), familial (n = 3), alcohol induced (n = 5), ‘ 
or related to doxorubicin therapy (n = 3). The biopsies were analyzed for total, mitochondrial, ` : 
Na*-K*, Ca*+, and Mg++ ‘ATPase activities. Total and mitochondrial ATPase activities correlated 

with left ventricular ejection fraction (r= 0.65 and 0.67, respectively; both p = 0.0001). Residual 

Mg++ ATPase activity correlated weakly with ventricular function as measured by 

echocardiography {p = 0.05). Na*-K* ATPase activity was. depressed in patients receiving digitalis 


{p = 0.01). These results suggest that progressive ventricular dysfunction may be associated with 
a progressive loss of total ATPase, mitochondrial ATPase and, to a-lesser extent, Mg** ATPase 
activity. Although depressed mitochondrial ATPase activity Is not likely to be the primary cause 
of ventricular dysfunction, It could perpetuate failure by leading to inadequate production of 
adenosine triphosphate. Further study of ATPase activities may provide additional inelght into the: 


pathogenesis of cardlac failure. (Am HEART d IPR 15:139.) 


Donald V. Unverferth, M.D., Shin Woong Lee, Ph. oe and Earl T. Wallick, Ph. D. 


Columbus and Cincinnati, Ohio 


The pathogenesis of dilated cardiomyopathy is not. 


known. However, the hemodynamic situation is well 
described and includes increased left ventricular 


end-diastolic pressure, decreased cardiac output, 


and a depressed ejection fraction.’ Several histologic 


abnormalities, including tubular and mitochondrial | 


~~ swelling, mitochondriosis, myofibrillar lysis, fibrosis, 


and nuclear degeneration, have been described.?.3 - 
Biochemical abnormalities have been reported in . 
hearts removed from patients who are receiving a` 
transplant.** One defect described is that òf- 
(ATPase) h 
activity.‘ It is not known, however, whether these .- 
defects are a cause of dilated cardiomyopathy ora 


depressed adenosine triphosphatase. 


result of the severe heart failure. 
The ATPase enzymes affect the hydrolysis of 
_ adenosine triphosphate (ATP) and are essential to 
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ion movements in the heart. When situated in a 
membrane, ATPase enzymes use the energy released 
from the hydrolysis of ATP to move a solute across 


- the membrane against an electrochemical gradient.’ 
- These are the transport ATPase enzymes. However, 
` the greatest proportion of myocardial ATPase activ- ` 


ity, is. not transport ATPase but mitochondrial 


3 'ATPase. Mitochondrial ATPase is located at the 
"base of the granules on the inner mitochondrial 


membrane," and it catalyzes the synthesis of ATP. 

~ This study was designed to study all of the known | 
myocardial ATPase activities in the endomyocardial 
biopsies of normal subjects-and-patients with mild 
to severe ventricular dysfunction and heart failure. 


` The purposes of the study were to determine: (1) if 
_ there is a‘specific abnormality of transport or mito- 


chondrial ATPase activity in cardiomyopathy and 
(2) if ATPase activity is related to the patient’s age, 


cause of heart failure, cates ay, or severity of 


the. disease. 


METHODS 


Patient selection. “Thirty-two ere were selected for 
the study (Table I). Six had a normal cardiovascular — 
history and normal results of physical examination ‘and 
cardiac function studies (Nos. 1 to 6). These six normal 
subjects were from. a larger pool of patients who had a 
tumor Oee emotes, with doxorubicin. As 
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Pa- ; 

tient Age > : Chest .  regurgi- ; PEP/ ` . 

No. Cause (yr) Sex Dyspnea Fatigue. pain S; S, tation ` AD LVET LVEDP - EF Digitalis 
1 Nri 4& M 0 0. 0 -.0 .0-. 0° °36 °-038 . — | 58 No 
2 Nel 51 M 0 0 o .0 0 0° 32 0.36. — 61 | ‘No 
3 Nr 5: M` 0 0.. © 0 O- 0 35 0.38 = 60 No. 
4 Nl 57. F 0 0. 0 0 0 0 36 «0.38 — 71 No 
5 Ni 58 M 0 9 0 -0 0 ‘0 31 0.42 ° — 52 No 
6 Nri 72. M 0 0 0 „0 +. 0 — 0.41 = 61 No 

“7 Id <23 M` 4 + 0 .+ 0 . 0 .-18 0.59 30. -17 - Yes 
8 Id 23 F + +.. “Ol + H + -24. . 0.55 35 23 Yes 
9 Id 23 M + + + +. F 0- = ii 18 45 Yes 

10 Id’ 238 è M. + +: oe e 11 0.68 — 34> 8 Yes’ 

- 1} Id . 32 M 0: + + 0° + a = 037 20 43 No 
12 Id 33 M + + + +. +4 o+. = 0.70, 32 1g. Yes 
13 Id 383 F 4 +o 0 0 0 0 20 0.58 - -22> 35 — Yes 
‘14 Id 4 M. + 0 0 0 + °° 0: 12: 0.89 18 “32 — 
15 Id :40 M KE 0 0 0 0° O° 19 -0.33 24 67 No 
16 Id 40.. M + + Ò LH + 0 - 5 (0.74 - 34 16. No 
17 Id 5 F- + + -+ 0 + 0: 13° 0.45- 34 87 No 
18 Id 60 F + 0 + +. 0 + 4 24° 041. 3i 39. No 
19 Id - 60 M + + + ++, 0> 12 0.79. `20 30 Yes -> 

> 20 Id 66 M. + +. 0 + 0 + 11 © 0.56 -12 37 Yes . 
21 Id 72 M +> + oO + + 0 15 0.93 22. . 34 Ye 
22 EtoH 3 M + 0 -000+ + + 20 0.79 . 82 + 29 Yes. 
23 EtoH 3 M + 0 OF. + + —. 0.64 24 34: Yes 
` 24 EtoH 51 M + 0 0.0 + 0° 12 (0.74 30 24- Yes 
25 EtoH 52 M + + + + 0 + S a -40 16 Yes 
26 EtoH 55 F +. + 0 + + F 21 0.75 -16 42 . Yes’ 
27 Fam 19 M + + + Poote Sees — — 36. 17 No. 
28 Fam 50 M + 0 a ae SRN | ee 29 052 12 48 Yes 
29 Fam . 62 M © + + +> 0 0 BO C col 10 56 No 
30 Dox “69 M +4 +° +O + F 0° B8 — 2 73 Yes 
31 Dox 5 M 0 0 0 -0 + 0: 27 057 9 -4 Yes 
32 Dox ; 61. F 0 0 0 -0 0 +. 27 0.40: 10: 52 No 

Nrl = Normal; Id = ‘idiopathic dilated cardiomyopathy; EtoH = alcohol-associated heart disdase; Fam = familial DC; Dox = doxorubicin. associated heart 


disease; %AD = echocardiographic measurement of percentage of change of. left ventricular minor axis with systole; PEP/LVET = preejection period to left: 
Mocs ventricular ejection time of syatolic time intervals; LVEDP = left ventricular end-diastolic pressure; EF = ejection fraction. 


wai of an Pi doxorubicin cardiotoxicity study, EE 
were performed in these- patients before they received 
‘doxorubicin and other chemotherapy. During each proce- 


dure, five pieces of tissue were removed for histologic and: ' 
biochemical analyses. The fifth piece of tissue was stored - 


_in liquid nitrogen and reserved in case the other specimens 


were inadequate for histologic or biochemical analyses. In . 


six instances, the baseline fifth piece of tissue was not 


needed; this tissue was used for the normal subjects i in this - 
study. The narmal subjects consisted of five men and one 


woman with en average age of 54 years (range 46 to 72). ee: 
_ Twenty-six patients with heart failure were studied; 20 ` - 
were men. The average age was 44 years (range 19 to 72).- 


One of us (D. V. U.) interviewed each of the patients to` 


determine symptoms of heart failure and if there had hen A 
exposure to any known cardiac toxin (Table I). The heart _ 


failure was associated with administration of doxorubicin ' 


in three, chronic alcohol abuse in five, and family history.”._ 


in three; heart. failure was idiopathic in 15. The three 


patients receiving doxorubicin had been given cumulative -: 


“da of 500, 520, “and 560 RE Prik None had 
received their last dose of doxorubicin during the.6 weeks 
-before biopsy. The five alcoholic patients had each con- ` 
sumed over one pint of whiskey per, day, for over 3 years. 

However, none had imbibed during the 6 weeks before 
study. The three patients with a family history had two or . 


more first-degree relatives with severe heart failure of. - 
. undetermined cause. The 15 patients with idiopathic ` 


_ dilated cardiomyopathy had no detectable: cause for their 


, heart failure. This protocol was approved by the. Institu- 


tional. Human Research Review Committee: © ` > 
The 26 patients with heart failure underwent cardiac. 
catheterization as part of the evaluation of their heart.” 


- failure. All patients had. normal coronary arteries - (no a 


_ lesions greater than-50%`of the diameter of the vessel). 
~ Left- and right-sided: heart pressures were measured by, 


- means of: a Statham P-23 dB transducer and an Electroni -. 


ics for Medicine recorder. Left ventricular end-diastolic _ 
pressure was defined as. that pressure at the end of 


- diastole just before the rapid upstroke of systolic pressure. z 
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The left ventricular ejéction | fraction? “Was determined ir . $ 


injection of 42 ml Renografin 76 into the-left ventricle over 
3.5.seconds in the 30-degree right anterior oblique projec- 


tion. The method of Sandler and Dodge® was used to- ` 


determine the angiographic ejection fraction. The ejection 


fraction in the normal patients was determined by nuclear — 
angiography. This technique and its close correlation with - 


catheterization-derived ejection fraction has been previ- 
ously reported from this laboratory.® : 

In addition, noninvasive evaluation of cardiac fiadona 
in each patient was determined by echocardiography and 
systolic time intervals. The change in the minor axis of the 
left ventricle with systole (% AD) was the echocardiograp- 


hic determinant of ventricular function. The ratio of the ` 
preejection period (PEP) to left ventricular ejection time. > 
(LVET) was the systolic time interval parameter of left . 
ventricular function: The reproducibility and reliability of '- 


these tests have been documented for dilated cardiomyop- 
athy in this laboratory. Based on the previous function, 
` studies, patients were- included in the study if their left. 


ventricular end-diastolic pressure was greater than 10 mm- 
Hg or the angiographic Gomes fraction was less. than l 


55%. 


was performed via the right internal jugular vein: with the 


patient in a nonsedated state.” At least five pieces of 


tissue were removed from each patient. Immediately on 


clamping of the jaws of the bioptome on the tissue of the ' 


interventricular septum, the bioptome was withdrawn; the 
_ tissue was then removed from the jaws and plunged into 
. liquid nitrogen. The time from the closure of the jaws on 


or two pieces of tissue from each patient were reserved for 
analysis of ATPase. The samples were at least 1.5 mm? i in 
size and weighed 1 to.5 mg. The tissue was stored i ina 


liquid nitrogen freezer until the time’ of analysis. The use’ 
of the endomyocardial biopsy to address questions of - 
myocardial biochemistry and metabolism has been atuid- - 


ied and validated in our laboratory.” 
Biochemical assays. The frozen samples were uka to. 
the laboratory of Dr. Earl Wallick (Department of Phar- 


macology and Cell Biophysics, University of Cincinnati’ E 
- ‘measured in a reaction medium containing only 5 mmol/L 
‘MgCl, 5 mmol/L Tris-ATP, 20 mmol/L histidine (pH 
~. 7.2), 5'mmol/L NaN, and 0.15 mmol/L EGTA. The 
` residual Mg” ATPase activity is primarily the. result of 


College of Medicine). Samples were rémoved from the 
liquid nitrogen, thawed, and homogenized for measure- 
ment of ATPase activity. Muscle was homogenized in the 


: . cold by 10 passes in a glass homogenizer for 1 minute in 0.4 - 
` ` ml of a medium containing 50 mmol/L Tris-Cl, 5 mmol/L. - 
‘Pi, and 5 mmol/L MgCl, The homogenate was diluted to `` 
approximately 10 mg wet weight/ml with the same medi- . 


um. Protein was determined by the. method of Lowry et 
al. 13 : 

The specific activities of Nat-K+ ATPase, ditochenaels 
al ATPase, Ca? ATPase, and Mg** ATPase were. mea- 
sured in the same reaction mixture (see below) by means 
of a linked-enzyme, spectrophotometric assay as described 
by Schwartz et al.‘ Total and specific ATPase activities of. 
the muscle homogenate were measured in a reaction 


medium containing 100 mmol/L NaCl, 10 mmol/L KCl, 5 


Le 
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Table. li. Probability statistic of correlations 


` ATPase activity in pmol/mg protein/hr 


Total 


Mitochondrial © Na*-K* Ca*t “Mgt+ 

Cause 0.10 . 0.16 0.46 0.02 0.03 
Age. 0.44 `. 0.35 0.68 , 0.36 . 0.21 
‘Sex . 0.55 0.48 0.68 — 0.43., 0.76 
%AD 0.006-. 0.01 -~ 068 (0.12 0.05 
PEP/LVET 0.017 0.027 © -0.25 0.12 0.44 
LVEDP ` 0.082. _ 0.026 0.99 0.96 0.35 
EF 0.0001. 0.0001 -0.26 0.17 0,28 
0.007 ~ 0.012 0:57, 0.09 


- 0.0014 





‘mmol/L MgCl, 5 mmol/L Na, ATP (vanadium free); 0.4 


mmol/L NADH, a ‘mixture of 1 mmol/L. phosphoenol 
pyruvate and 6.02 ml pyruvate kinase—lactate dehydroge- 
nase (Sigma Chemical Co St. Louis, Mo), and 25 mmol/L 


. histidine, pH 7.2. After equilibration of this medium to 


37° C; 0.02 to 0.03 mg of homogenate was added to a final 
volume of 2.5 ml to initiate the reaction, which was linear 
with time (up to 20 minutes) and protein concentration. 
Mitochondrial ATPase was determined by taking the 
difference between total ATPase activity and that remain- 
ing after the addition of NaN, (final concentration = 5 


“mmol/L). Specific Nat-K ATPase activity was determined 
-in the same cuvette by taking the difference between the 


ATPase activity measured in the presence of 5 mm azide 


` and the. activity measured after incubation for 5 to 10 
| ( - minutes in the presence of 1.0 mmol/L ouabain. This 
the tissue to the submersion in liquid nitrogen averaged 7 
seconds and was less than 10 seconds in all instances. One © 


measurement of Na*-K+ ATPase activity was more repro- - 
ducible than measurements made in the absence ‘of sodi- 
um.azide. The residual activity remaining in the presence 


. of 5 mmol/L NaN, and 1.0 mmol/L ouabain was further 


inhibited by the addition of ethylene glycol bis (beta- 
amino-ethyl ether) N,N,N’ ,N’,-tetra-acetic acid (EGTA) 
(final concentration = 0.15 mmol/L) to inhibit endoge- 
nous. calcium or other activating ions that are subject to 


‘EGTA ‘chelation..Thus, the activity remaining in the 


presence of 5 mmol/L NaN;, 10 mmol/L ouabain, and 0.15 
mmol/L EGTA was defined as residual Mg?* ATPase. The 
Mg** ATPase measured i in this manner is the same as that 


myosin ATPase. Calcium-sensitive ATPase is the result of | 


sarcoplasmic reticulum Cat+ ATPase. This is based on our ny 
`- experience with highly enriched sarcolemmal preparations 
_from dog hearts. These preparations have a Na*-Kt 


ATPase activity of 150 »mol/mg/hr. The calcium:sensitive 
and residual Mg’+ ATPase activities are each only 7 to 8 
umol/mg/hr. The reliability and reproducibility. of this 
assay have been previously described and validated. * 
Two tissue samples were used for analysis in six patients 
and did not differ by more than 15%. The average ict these 


two analyses is used for this study. 


Statistical analysis. Data were ges by multivari- 


n 
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` © gure. f 
~: ate analysis. with least-squares regression. This analysis“ -° 
permits the determination, of the most powerful factors `- 


l -influencing the various ATPase activities. The specific 


- factors tested were cause ‘of the heart failure; age and- sex, 
__ of the patient; echocardiographic %AD, PEP/LVET. of: 
>the systolic time intervals, left ventricular erid-diastolic ° 
‘pressure, ejection fraction, and treatment with ‘digitalis: ; 


The group ATPase activities were compared to each other f 


i by the multiple comparisons: of Newman- Keùls.. A 


RESULTS 


The probability st statistics + for urielations: of ad 
variable with each ATPase activity are shown in. 


"Table Il. The’ total ATPase activity of the normal ` 


i “subjects was:29.6 + 4.6 (X +-SD) pmol/mg ap 
“hr. The total ATPase activity of the etiologic sub- ` 


groups was: familial 24.5. + 5.7 pmol/mg protein/hr; - 


i doxorubicin, 23.9 + 3. 0; alcohol 20. 8 + 3.6; ae idio-. . 


“pathic 21: 0 + 7. 8 pmol/mg ST “Total 3 
ATPase- activity did not correlate with the cause of ` 
- the disease ór with the age and. sex of the patient.’ . 
` However, tests of left ventricular function did corre- 
late somewhat. The ejection™ fraction ` (r = 0.63,.. 

» p= 0.001; Fig. 1), AAD (r =.0.55; p:= 0.05), PEP/ 


`. EVET: (r = —0.46;, -p = 0:02), and left- ventricular -` 
-7 end-diastolic pressure (r = ~0.38, p= : 0.08; Fig. 2) oi 
“Ss demonstrated fair to moderate. correlations with... 


total ATPase: activity. Digitalis treatment signifi- 
o any depressed total ATPase activity: (p = 0.001). | 
- According to multivariate analysis and least- >. 


” @quares regression, the ejection fraction ‘correlated’. .:. 
' i closely with total ATPase activity and-accounted for. 


~ 48% of the variability i in total ATPase. The second 


-and third=variables to. contribute were digitalis ay 


E treatment. and the PEPEYET: The sieniteaie o of. 


1 
rs 
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Fig. 3. Nat-K* ATPase activity of heart failure papileton: Digitalis therapy reduced Nat-K* ATPase 
activity. Left pair of bars represents 31 patients tested. Right paiz of Vars represents two groups after 


normalization of ejection fractions. 


this three-variable model achieved p=0. 0016 and 
accounted for 50% of the variability. in total ATPase 
activity. 


Mitochondrial ATPase activity did not show a. 


relationship with the age or sex of the patient (Table 


II), or the cause of the disease. Mitochondrial © 


‘ATPase activity did correlate with ejection fraction 
(r = 0.65, p = 0.0001) -and left ventricular end- 


diastolic pressure (r = —0.41, p = 0.03) for the group. 


as a whole (Figs. 1-and 2). Least-squares regression 
showed that the age of the patient and the PEP/ 


LVET also contributed to the variability of the 


mitochondrial ATPase (r? = 0.51, p = 0.0008). . 


The Nat-K* ATPase activity did not correlate: l 
with the age or sex of the patient or the cause of the. 
disease. Digitalis therapy did have an impact on 


Nat-K*+ ATPase activity (p = 0.01, Table II). ‘The 
second and third most important independent vari- 
ables of Nat-K* ATPase activity were ventricular 


function tests. The PEP/LVET and the ejection . - 
fraction added to the digitalis therapy and com- 


_ prised a three-variable model that explained 27% of 
the variability in Na*-K* ATPase (p = 0.07). The 


activity in homogenates can be seen in Fig. 3. 
Fourteen patients were not receiving digitalis and 


had a Nat-Kt ATPase activity of 3.4 + 1.2 umol/mg ` 


protein/hr. Seventeen patients were being treated 
chronically with digoxin and had a mean Nat-K*+ 
ATPase activity in homogenates from heart biopsies 
of 2.2 + 1.2 pmol/mg protein/hr (p = 0.01). The 
ejection fractions of these two groups were markedly 


different, however (Fig. 3), and thus a second com- 


` parison was made of the two groups with the ejection ` 


fractions normalized to 32 + 11% and 33 + 10%, | 


. respectively. The activities were not as dramatically 


different after this maneuver; the digitalis-free 
group had a Na*-K* ATPase activity of 3.4 +.1.5 
pmol/mg protein/hr, and the digitalis-treated group 
had an activity of 2.3 + 1.2 „nmol/mg protein/hr 


- (p = 0.1, Fig. 3). ` 


Ca? ATPase activity did not correlate with the 
age or sex of the subjects or the severity of the 
disease. Ca?* ATPase activity was significantly less 


. in the three patients with familial cardiomyopathy 


(0.1 + 0.1 pmol/mg protein/hr) than the normal 
subjects (1.6 + 0.5 umol/mg protein/hr, p = 0.02). 
Residual Mg++ ATPase activity correlated with two 
factors, the cause (p = 0.03) and the echocardio- 


‘graphic %AD (p = 0.05, Table II). The age and sex 


of the patients and other tests of ventricular func- 
tion did. not correlate significantly with Mgtt 
ATPase activity. 


; DISCUSSION 
importance of digitalis therapy on Nat-K* ATPase ` 


Potential ` ‘problems with the study. Biochemical 
analysis of endomyocardial biopsies includes some 
inherent errors resulting from contamination of 
myocardial tissue with blood and connective tissue. 
Thus, an error of 10% may be recorded in paired 
samples.” The problem of connective tissue contam- 
ination is largely obviated by the Lowry protein 
assay; which primarily detects myocyte protein in 
these tissues.” An additional problem was that 
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' measurements of ATPase activity were in homoge: 


~ > nates from right ventricular biopsies but were relat- 
ed to left ventricular function studies (left ventricu- 


lar end-diastolic pressure, %AD, ejection fraction, 


_ and PEP/LVET). However, only diffuse myocardial 

_ disease was studied; doxorubicin, alcohol, and pre- 
` sumably the insult of familial and idiopathic dilated i 
` cardiomyopathy equally affect both left and right 


ventricular tissue. Right ventricular biopsies have 


` previously been used to assess whole-heart biochem- 


‘istry and have correlated with left ventricular func- 


tion.'*"8. Right ventricular. function studies (eg: 
` radionuclide ejection fraction) would .have been . 


‘informative but were available in less than one third 
of the patients studied. 


Total and mitochondrial ATPase. The most impor- - 
tant observation of this study is that with worsening | 


left ventricular ` dysfunction, total myocardial 


ATPase activity appears to become progressively. ` 
depressed. This observation applies to the 32 sub-. - 


jects as a whole (r = 0.63) and pertains to some of 


the etiologic subgroups (alcohol-related heart dis- - 


| ease, r = 0. 78). It is possible. that a similar relation- 


. ship exists for other subgroups, but the analysis of 


- these are somewhat limited by inadequate numbers. 
` (e:g., n = 8 for doxorubicin subgroup). The depres- 


-sion of total ATPase activity was primarily caused - 


by the depression of mitochondrial ATPase activity 
that made up two thirds of the ATPase activity in 


"our human biopsies. Mitochondrial ATPase activity > - 
“correlated with the ejection fraction (r = 0.65). A 
'- previous biopsy study had also recorded depressed _ 
‘ mitochondrial ATPase activity in congestive heart ; 
- failure.” Thus, the role of mitochondrial ATPase in _ ; 
normal situations. and in states of ventricular.dys- - ` 
_ function may be a clue to the pathogenesis of heart ` 


- failure. 
‘Mitochondrial ATPase not only catalyzes. the 


synthesis of ATP but also causes the hydrolysis of 


ATP with a subsequent release of a high-energy 


l phosphate.” Oxidative phosphorylation in- mito- ` 
` chondria is linked to the phosphorylation of adeno- - 
sine diphosphate by mitochondrial ATPase (also ` 


_ called the mitochondrial coupling factor, F,).® Mito- 
chondrial F, contains both the regulatory and cata- 
lytic sites for ATP. 2,21 Pullman and Monroy” first 


` ‘reported an inhibitor of mitochondrial ATPase - 


activity in 1963 and speculated that this inhibitor 
was a respiratory control factor. This inhibitor pro- 
tein appears to function as a direct regulator of 


. respiratory chain—linked energy transfer, controlling. — 
_ the backflow of energy from ATP to the mitochon- -- 


drial electron and ion transport systems.” Thus, the. 
“ATPase inhibitor” probably: serves as a one-way 
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m conduit; that: prevents the loss of energy from ATP 
~ back to the mitochondria but allows the synthesis of 
AIE, ‘under normal.conditions. — 


. An important condition that relates to the inhibi- . 
tion of mitochondrial ATPase activity is that. of . 
ischemia.” Although other factors may inhibit mito- 
chondrial ATPase,. ischemia may be operative in. 


‘congestive heart failure. Dilated cardiomyopathy. 
` and congestive heart failure are characterized by 


marked depression of coronary blood flow per gram 
of heart muscle, particularly in the subendocar- ` 


_dium.*.* Thus, ischemia may be playing an impor- ~ 


tant. role i in the depression of mitochondrial ATPase 
in dilated cardiomyopathy. Consistent with this 
hypothesis, our laboratory has previously shown’ 
that: the ATP content of myocardial biopsies is” 


.. depressed in dilated cardiomyopathy and that the 
- ATP. levelscan be increased by augmenting . coro- 


nary blood flow.: 28:27. 

In addition to the. inhibitor pioen. other possi- i 
bilities exist for the depressed mitochondrial ` 
ATPase activity in dilated cardiomyopathy. The 
mitochondria often appear abnorinal by electron 
microscopy with increased numbers of smaller mito- 


. chondria and cristolysis.* 2 Thus, there may be 


decreased mitochondrial protein including ATPase. 


“It is unknown: if these mitochondrial abnormalities 
_ are primary or ‘secondary events in the genesis or 
: congestive heart failure. 


Ca ATPase. Another ftaportant. ‘observation ' of 
this study is that patients with heart failure who 
have a family history of dilated cardiomyopathy 
have a very low level of Ca*t ATPase activity. | 
Although only three patients have been studied up 
to the present time, they had the three lowest Catt 


: ATPase activities of all 32 subjects, despite only 


modest ventricular failure (ejection fractions of — 


* 17%, 48%, and 56%). A depression of sarcoplasmic 


reticular function has been -noted previously in 
cardiac tissue removed from patients with severe 


- heart failure-who received heart transplants; moré . 
. Specifically, the- ‘sarcoplasmic reticulum showed. 


slower rates of calcium accumulation and reduced - 
release when compared to normal animal heart - 
preparations.” The cause of the cardiomyopathy in 
those patients was not discussed, but all had to be in 


terminal heart failure: to be candidates for a trans- 


plant. The Syrian hamster model of cardiomyopathy’ - 
is-also characterized by a depression of the rate of- 


` calcium binding by the sarcoplasmic reticulum, and 


the depression becomes more severe as heart failure . 


_progresses.*» . Familial dilated cardiomyopathy `: 
` ‘may be the human: counterpart of the cardiomyopa-. 
thy of Syrian hamsters. ‘Because only three patients, 
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have been studied, no absolute statement regarding 
cause and effect can be made; however, our data 
suggest that for these patients and families, 
depressed Cat*+ ATPase activity may be of etiologic 
importance. 

Nat-K*+ ATPase. Sarcolemmal Na*-Kt ATPase 
plays an important role in regulating the intracellu- 
lar concentration of sodium, potassium, and calci- 
um. In our study, the Na*-K* ATPase activity was 
not significantly altered by the sex or age of the 
patient; neither was the cause or severity of the 
disease. But this activity was affected by digitalis 
therapy (Fig. 3). Na*-K* ATPase is the cell mem- 
brane receptor for digitalis.” Nat-K*+ ATPase 
activity is depressed by digitalis, which ultimately 
leads to increased intracellular calcium and 
increased inotropy.*** Not all species are equally 
sensitive to digitalis, the rat being notoriously insen- 
sitive.® The Na*-Kt ATPases isolated from human, 
beef, dog, and sheep are all very sensitive. 3" The 
present study has shown that the Na*-Kt ATPase of 
failing human hearts is also sensitive to digitalis. 

Mg** ATPase. In our study, the measurement of 
residual Mg*t ATPase activity corresponds to the 
activity of myofibrillar ATPase. Animal models of 
heart failure have clearly shown a depression of 
myofibrillar ATPase activity with progressive ven- 
tricular failure*** and with pressure and volume 
overload.*** Progressive ventricular dysfunction as 
detected by the echocardiographic %AD correlated 
mildly (r = 0.40, p = 0.05) with Mgt+ ATPase activ- 
ity. Other tests of left ventricular function did not 
correlate. Perhaps left ventricular biopsies could 
better define this relationship. It is also unknown 
whether the slight depression of Mg++ ATPase activ- 
ity with ventricular failure is a primary or secondary 
event. 

Conclusions. Although the pathogenesis of most 
forms of dilated cardiomyopathy is not known, the 
present study adds to the understanding. It appears 
that progressive ventricular dysfunction is associ- 
ated with a progressive reduction in total ATPase 
activity, particularly in mitochondrial ATPase. 
Although it is doubtful that depressed mitochondri- 
al ATPase activity is a causative defect in heart 
failure, it may perpetuate failure by leading to 
inadequate production of ATP. In human subjects, 
digitalis depresses Na*-K*+ ATPase activity even in 
the failing heart. 


We thank Mel Moeschberger, Ph.D., and Jill Williams for 
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Altschuld, Ph.D., and Carl V. Leier, M.D., for review of the 
manuscript. 
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CARDIZEM: A FULLER LIFE 


diltiazem HCI/Marion 


A remarkable safety profile" 


The low incidence of side effects with Cardizem allows patients to feel better. 


Protection against angina attacks'*”’ 
The predictable efficacy of Cardizem in stable exertional* and vasospastic 
angina allows patients to do more. 


A decrease in myocardial oxygen demand 


Resulting from a lowered heart rate-blood pressure product ° 
Compatible with other antianginals** 


Safe in angina with coexisting hypertension, 
COPD, asthma, or PVD’? +‘ 


*CARDIZEM® (diltiazem HCI) is indicated in the treatment of angina pectoris due fo coronary artery spasm and in the 
management of chronic stable angina (classic effort-associated angina) in patients who cannot tolerate therapy with 
beta-blockers and/or nitrates or who remain symptomatic despite adequate doses of these agents. 





tSee Warnings and Precautions. 
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CARDIZEM ANTIANGINAL PROTECTION 





diltiazem HC//Marion PLUS SAFETY R 


Usual maintenance dosage range: 180-360 mg/day 


Brief Summary 
Professional Use Information 


CARDIZEM® 
(diltiazem HCI) 30 mg, 60 mg, 90 mg, and 120 mg Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick 
sinus syndrome except in the presence of a functioning 
ventricular pacemaker, (2) patients with second- or 
third-degree AV block except in the presence of a functioning 
ventricular pacemaker, and (3) patients with hypotension 
(less than 90 mm Hg systolic) 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node 
refractory periods without significantly prolonging 
sinus node recovery time, except in patients with sick 
sinus syndrome. This effect may rarely result in 
abnormally slow heart rates (particularly in patients 
with sick sinus syndrome) or second- or third-degree 
AV block (six of 1,243 patients for 0.48%). Concomi- 
fant use of diltiazem with beta-blockers or digitalis 
may result in additive effects on cardiac conduction. A 
patient with Prinzmetal's angina developed periods of 
asystole (2 to 5 seconds) after a single dose of 60 mg 
of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a 
negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a 
reduction in cardiac index nor consistent negative 
effects on contractility (dp/at). 

Experience with the use of CARDIZEM alone or in 
combination with beta-blockers in patients with 
impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such 
patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in 
symptomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant 
elevations in enzymes such as alkaline phosphatase, 
CPK, LDH, SGOT, SGPT, and other symptoms 
consistent with acute hepatic injury have been noted. 
These reactions have been reversible upon discontin- 
uation of drug therapy. The relationship to CARDIZEM is 
uncertain in most cases, but probable in some. (See 
PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is 
extensively metabolized by the liver and excreted by the 
kidneys and in bile. As with any new drug given over 
prolonged periods, laboratory parameters should be moni- 
fored at regular intervals. The drug should be used with 
caution in patients with impaired renal or hepatic function. In 
subacute and chronic dog and rat studies designed to 
produce toxicity, high doses of diltiazem were associated 
with hepatic damage. In special subacute hepatic studies, 


oral doses of 125 mg/kg and higher in rats were associated 
with histological changes in the liver which were reversible 
when the drug was discontinued. In dogs, doses of 20 
mg/kg were also associated with hepatic changes; however, 
these changes were reversible with continued dosing. 

Drug Interaction. Pharmacologic studies indicate that 
there may be additive effects in prolonging AV conduction 
when using beta-blockers or digitalis concomitantly with 
CARDIZEM. (See WARNINGS.) 

Controlled and uncontrolled domestic studies suggest that 
concomitant use of CARDIZEM and beta-blockers or digitalis 
is usually well tolerated. Available data are not sufficient, 
however, to predict the effects of concomitant treatment, 
particularly in patients with left ventricular dysfunction or car- 
diac conduction abnormalities. In healthy volunteers, 
diltiazem has been shown to increase serum digoxin levels 
up to 20% 

Carcinogenesis, Mutagenesis, Impairment of Fertility. 
A 24-month study in rats and a 21-month study in mice 
showed no evidence of carcinogenicity. There was also no 
mutagenic response in in vitro bacterial tests. No intrinsic 
effect on fertility was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to fen times greater (on a mg/kg basis) 
than the daily recommended therapeutic dose has resulted in 
embryo and fetal lethality. These doses, in some studies, 
have been reported fo cause skeletal abnormalities. In the 
perinatal/postnatal studies, there was some reduction in 
early individual pup weights and survival rates. There was 
an increased incidence of stillbirths at doses of 20 times the 
human dose or greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the 
potential benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted. 

Pediatric Use. Safety and effectiveness in children have 
not been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies 
carried out to date, but it should be recognized that patients 
with impaired ventricular function and cardiac conduction 
abnormalities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of 
adverse reactions reported during CARDIZEM therapy was 
not greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, 
the relationship to CARDIZEM has not been established. The 
most common occurrences as well as their frequency of 
presentation are: edema (2.4%), headache (2.1%), 
nausea (1.9%), dizziness (1.5%), rash (1.3%), asthenia 
(1.2%). In addition, the following events were reported 
infrequently (less than 1%). 
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O 120 mg 


Gig: tid 


Angina, arrhythmia, AV block (first 
degree), AV block (second or third degree 
— see conduction warning), bradycar- 
dia, congestive heart failure, flushing, 
hypotension, palpitations, Syncope. 
Nervous System: Amnesia, gait abnormality, hallucina- 
tions, insomnia, nervousness, paresthe- 
sia, personality change, somnolence, 
finnitus, tremor. 

Anorexia, constipation, diarrhea, 

dysgeusia, dyspepsia, mild elevations of 

alkaline phosphatase, SGOT, SGPT, and 

LDH (see hepatic warnings), vomiting, 

weight increase. 

Petechiae, pruritus, photosensitivity, 

urticaria. 

Other: Amblyopia, dyspnea, epistaxis, eye 
imitation, hyperglycemia, nasal conges- 
tion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, 
gingival hyperplasia, erythema multiforme, and leukopenia. 
However, a definitive cause and effect between these events 
and CARDIZEM therapy is yet to be established. 

Issued 9/86 


Cardiovascular: 


Gastrointestinal: 


See complete Professional Use Information before prescribing. 
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You can’t find a better list 





PROGRESS IN CARDIOLOGY 1/1 
Bonus Inaugural issue-100 extra 
pages! 

Edited by DOUGLAS P ZIPES, M.D., 
Krannert Institute of Cardiology, In- 
dianapolis, Indiana; and DEREK J. 
ROWLANDS, M.D., NHS Consultant, 
London, England. The acclaimed 
cardiology book series is now pub- 
lished twice a year. With new editors, 
all contributions are less than six 
months old. The new Progress In 
Cardiology series is as current as a 
journal...as complete as a book! 
About 330 pp., (7 x 10), 95 illus., pa- 
perback, March 1988. 


PROGRESS IN CARDIOLOGY 1/2 
About 300 pp. (7 x10), illus., pa- 
perback, October 1988. One year 
subscription (2 issues)—$49.50, two 
year subscription (4 issues) — 
$85.00, one issue-$29.50. 


DOPPLER 
ECHOCARDIOGRAPHY: 

The Quantitative Approach, 

2nd ed. 

By ARTHUR J. LABOVITZ, M.D., and 
GEORGE A. WILLIAMS, M.D., both 
of St. Louis University School of 
Medicine, St. Louis, Missouri. Re- 
cent new and expanded uses of 
Doppler are presented with an intro- 
ductory, carefully crafted approach. 
121 pp. (7 x 10), 91 illus. (includes 10 
in color), paperback, 1988, $22.95. 


INTERPRETATION OF 
ARRHYTHMIAS: 

A Self-Study Program 

By EMANUEL STEIN, M.D., Eastern 
Virginia Medical School, Norfolk, 
Virginia. Introduces arrhythmias, 
basic cardiac electrophysiology, 
identification of waves, intervals and 
segments, determination of heart 
rate and principal measurements. 
160 pp., (7V4 x 10%), 136 illus., pa- 
perback, 1988, Ready Soon, $14.50. 


Quality Publishers Since 1785 


LEA & FEBIGER 
Ae 600 WASHINGTON SQUARE 
PHILADELPHIA, PA 19106-4198 
PHONE: (215) 922/1330 / 1-800-433-3850 





of heart books anywhere! 


COLOR ATLAS OF REAL-TIME 
TWO-DIMENSIONAL DOPPLER 
ECHOCARDIOGRAPHY, 2nd ed. 
Edited and with contributions by 
RYOZO OMOTO, M.D., Saitama 
Medical School, Saitama, Japan. Ef- 
fectively documents the progression 
in the techniques and uses of 2-D 
Doppler that have occurred since its 
development. 214 pp. (8% x 11%), 
102 illus. (plus 96 full pages of 
4-color plates), 1987, $124.50. 


DOPPLER 
ECHOCARDIOGRAPHY 

2nd ed. 

By STANLEY J. GOLDBERG, M.D., 
HUGH D. ALLEN, M.D., GERALD R. 
MARX, M.D., and RICHARD L. 
DONNERSTEIN, M.D., a// of Univer- 
sity of Arizona Health Sciences Cen- 
ter, Tucson, Arizona. Important 
changes in the second edition in- 
clude emphasis on new color-coded 
Doppler. About 290 pp., 221 illus., 
February 1988, In Prep. about 
$45.00. 


RHYTHM QUIZLETS: 
Self-Assessment 

By HENRY J.L. MARRIOTT, M.D., 
Emory University, Atlanta, Georgia. 
The tracings are arranged in an ap- 
proximate sequence of sophistica- 
tion. The book is divided into three 
zones, corresponding to the relative 
complexity of the content. 189 pp. 
(8%2x11), 211 illus., paperback, 
1987, $16.50. 


SURGICAL TREATMENT OF 
CONGENITAL HEART DISEASE 
3rd ed. 

By GRADY L. HALLMAN, M.D., and 
DENTON A. COOLEY, M.D., both of 
University of Texas Medical School 
at Houston, and HOWARD P 


GUTGESELL, M.D., University of 
Virginia. Special emphasis is on 
non-invasive methods of diagnosis. 
234 pp. (82x 11), 95 illus., 1987, 
$45.00 








ECG STAT! Hospital 
Electrocardiography in Urgent 
Situations 

By JOHN H. EDMONDS, JR., M.D., 
Wake Forest University Bowman 
Gray School of Medicine, Winston- 
Salem, North Carolina. Illustrates 
many actual ECGs taken from pa- 
tients with a variety of cardiac disor- 
ders. The emphasis is on cardiac 
arrhythmias and bradyarrhythmias. 
189 pp. (82x11), 139 illus., pa- 
perback, 1988, $16.50. 


GUIDELINES FOR EXERCISE 
TESTING AND PRESCRIPTION, 
3rd ed. 

Edited by the AMERICAN COLLEGE 
OF SPORTS MEDICINE, Indianapo- 
lis, Indiana. Behavioral objectives 
for all certification tracts have been 
updated, and there has been a sig- 
nificant expansion of behavioral ob- 
jectives. 179 pp. (5%8x 8%2), tables, 
paperback, 1986, $9.00 


CARDIAC REHABILITATION, 
ADULT FITNESS, AND EXERCISE 
TESTING, 2nd ed. 

By PAUL S. FARDY, Ph.D., Cardiac 
Pulmonary Consultants, Inc., Gary, 
Indiana; FRANK G. YANOWITZ, 
M.D., University of Utah School of 
Medicine, and PHILIP K. WILSON, 
Ed.D., La Crosse Exercise Program, 
University of Wisconsin. About 391 
pp. (7 x 10), 168 illus., June 1988, In 
Prep. about $45.00 


CALL TOLL FREE 

ASA 1-800-433-3850 

(USA only, except PA, AK, HI) 

Use your MasterCard, VISA or Amer- 
ican Express card to order. Be sure 
to include your card number, issue 
date (AMEX only) and expiration 
date. Lea & Febiger pays all postage 
and handling charges on cash and 
credit card sales. All books sent on 
30 days approval. 










NASPEXA M" 


Examination of 
Special Competency— 
Cardiac Pacing 


September 19, 1988 


New York City, Chicago, Los Angeles, London (England) 
Frankfurt (Germany) 





Eligibility: Licensed physicians, board certified (or those who 
have completed training) in Internal Medicine, Cardiology, 
Cardiovascular Diseases, Pediatric Cardiology, General 
Surgery, Thoracic or Cardiovascular Surgery, Pediatric 
Surgery, Emergency Medicine or Anesthesiology. 


Application Fee: $600 
Application Deadline: Received by June 1, 1988 





For Information and Application: 


NASPEXAM™ 


13 Eaton Court 
Wellesley Hills, MA 02181 
617¢237¢ 1866 
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The Department of Medicine of the University of Chicago and the associated Oak Forest | 


Hospital seek a Chairman of the Division of Cardiology at the Oak Forest Hospital. The 
Oak Forest Hospital is a 1000-bed multi-level County institution which has been fully 
modernized under a 75 million dollar renovation program. It is located in a suburb 25 miles 
south of Chicago and is 25 minutes from the University Hospital. 


Responsibilities will cover the administrative and clinical management of a long term care 
Cardiology Unit and supervision of medical and para-medical staff. The hospital has 137 
acute medical and surgical beds, 8 critical care unit beds, 669 chronic disease level beds, 
106 intermediate care facility beds and a 74 bed rehabilitation hospital 


The Chairman, in concert with the Department of Medicine and Section of Cardiology at 
the University of Chicago Medical Center, will be responsible for the development and 
oversight of educational programs for medical students, residents and fellows as well as 
for the development, conduct, and facilitation of research programs at the Oak Forest 
Hospital. 

The individual we are seeking must possess a Medical Doctors degree, certification by the 
American Board of Internal Medicine, sub-specialty certification in Cardiovascular 
Diseases, and be eligible for faculty appointment in the Department of Medicine at the 
University of Chicago. The Chairman will be a member of the Executive Committee of the 
Section of Cardiology at the University of Chicago Medical Center. 


Experience in teaching, research and departmental administration in this specialty is 
expected. Individual must be available for full-time employment. Submit curriculum vitae 
and obtain an application in confidence through: 


Morton F. Arnsdorf, MD. 
Chief, Section of Cardiology 
University of Chicago Medical Center 
Pritzker School of Medicine 
Hospital Box 423 
5841 S. Maryland Avenue 
Chicago, IL 60637 
Equal Opportunity Employer 
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REFINE YOUR 
SPECIAL SKILLS 


NEW! 

CARDIOVASCULAR 
PROCEDURES: Diagnostic 
Techniques and Therapeutic 
Procedures 


By Ara G. Tilkian, M.D., F.A.C.C. and Elaine Kiess 
Daily, R.N., B.S., R.CVT., with 21 consultants and 7 
contributors 
Announcing the definitive text on cardiovascular pro- 
cedures — comprehensive, practical, and up-to-date! 
Covering all aspects, it discusses rationale, explains 
equipment, and provides step-by-step instructions to 
best manage each circumstance. Contains: 
explicit directives regarding 
preoperative/preprocedure orders 
specific warnings and alerts to possible pitfalls and 
complications 
fully referenced to facilitate further research and 
study 
Elaborately illustrated, this is the guide to help you 
refine your special skills. 
1986. 543 pages, 462 illustrations. (Book Code: 04965) 
$52.50 (U.S.); $72.50 (Can.) 


In a hurry to order? 
Call FREE 800-221-7700, ext. 15A. RA 
Our hotline is open 24 hours a 


day, 7 days a week. MOSBY 
FLR-013-002 


Yes! Send my 30-day on-approval copy of: 

Tilkian’s CARDIOVASCULAR PROCEDURES (04965) $52.50 
(U.S.); $72.50 (Can.) 

Save money! Enclose payment with your order or charge it to your 
credit card. Mosby will pick up the tab for shipping and handling. 

O Payment enclosed 

Charge my credit card: CO MasterCard O VISA 


Card # Exp. date 
Signature 











Business phone(__-—=*SYs 
O Bill me, plus shipping and handling. 





Name 
Address 
City 
Silb oea 

O Add me to your mailing list. (No purchase necessary) 


| ee PE A S 
To properly process Purchase Orders and for more personal service, mail this coupon to: 
Dennis Carson, The CV. Mosby Company, 11830 Westline Industrial Drive, St. Louis, MO 63146. 
30-day approval good in U.S. and Canada. Outside U.S. and Canada, please pay in dollar 
equivalent. ALL PRICES SUBJECT TO CHANGE. Add applicable sales tax. 
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your practice! 
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As a current subscriber to the 
American Heart Journal, 
you are eligible to order a bound volume set of all 1988 issues. 



















You'll enjoy these conveniences: 
è quick and easy access to the Journal's text pages, with all advertisements removed; 
* complete subject and author index; 
è compact storage of all Journal articles for the year, handsomely bound in durable buckram with rich gold 
stamping; 
e freedom to tear or clip articles from your regular issues and still have complete journals available for reference! 


Quantities are Limited! 


Don't miss this opportunity to reserve this lasting reference. Only a limited number of bound volumes of the 
Journal will be available, so order promptly. Bound volumes are only available to current subscribers and may 
not be ordered in place of a regular Journal subscription. Payment must accompany your order. 


Telephone: (314) 872-8370, ext. 351 
Credit Card Orders in the U.S. call FREE: 
1-800-325-4177, ext. 351. 


os E YES! =: = : =: ul i Ml ee ee ee ee ee ‘M 


METHOD OF PAYMENT (All orders must include payment) 


Payment must be in U.S. funds, drawn through a U.S. bank, or by using a 


if t subscribe 
Bee a pa credit card. Please make checks payable to the AMERICAN HEART 


and want to reserve my 1988 











T J 

bound volume set of the JOURNAL. 

C My check for $ is enclosed. 
AMERICAN HEART 

_] MasterCard Cand Wh Uae 
JOURNAL. p. 

O VISA Signature 

( ired if using MC/VISA 

January—December 1988 ae EE i 
Volumes 115, 116 (two-vol. set) Name (Please Print) 


Address Ee _Aneouite Dene 
Total Price of the 1988 Bound Volumes F ewe N 


USA $47.00 International $60.00 City 
State 





Bound Volumes are non-returnable. Country 


Clip and return to: The CV. Mosby Company, Journal Circulation/Bound Volumes, 
11830 Westline Industrial Drive, St. Louis, MO 63146, USA. 
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NOT COMPLAINTS 
IN HYPERTENSION 


= Well-tolerated, once-a-day therapy 
for patient compliance that lasts _ 


Rarely causes « impotence’ » depression? « sleep disturbances 
i eg 


Doesn't compromise « potassium? « glucose? » lipids 


«Long-term control as initial therapy 
or in combination 


# Excellent patient acceptance 
reduces dropouts 
An estimated 80% of responders stay on HYTRIN long term 


as shown in a two-year study 
Side effects generally were mild and transient. Dizziness and 


asthenia were the most common. Others reported signifi 
cantly more frequently than with placebo were nasal congestion 
peripheral edema, somnolence, nausea, palpitations, and blurred 
vision. Incidence of syncope (1.0%) was not significantly different 


from placebo. 


“One price for all dosage strengths 


Even if dosage is increased, patient cost is not increased 
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ONCE-A-DAY 


(erazosin Ho) She cares 


The first once-a-day alpha, blocker 


= ; : 
advancing cardiovascular care 
Pleas: 


companying brief summary. 


ba 
ABBOTT = Wellcome 


HYTRIN® 
{terazosin hydrochloride tablets) 


Brief Summary 


CLINICAL PHARMACOLOGY: Pharmacodynamics: Clinical studies of terazosin used in once-a-day (majority) 
and b.i.d regimens with total doses usually in the range of 5-20ma/tlay, in catients with mild or moderate hyperten- 
sion, Because terazosin, like all alpha antagonists, can cause large falls m blood pressure after the first dose or 
first few doses, the initial dose was mq in virtually all studies, with subsequent titration to a specified fixed dose 
or titration to a specified blood pressure ead point, i 
Bload prassure responses were measured at ihe end-of the dosing interval (usually 24 hrs} and effects were 
shown to persist throughout the interval, with usual supine responses 5-fOmmHg systolic and 3.5-8mmHg diastolic 
pronor than placebo. Fhe responses in the standing position tended to be somewhat larger, although this was not 
‘ue in all studies. The magnitude of blood pressure responses was similar te prazosin and fess than hydrochtorothi- 
azide {in a single study}. In measurements 24 hrs, after dosing, heart rate was unchenged, aAa pee 
Limited measurements of peak response (2-3 hrs. alter dosing) during chronic terazosin administration indicate 
that it Is more than twice the tough {24 hr) response, suggesting some attenuation of response at 24 hrs., pre- 
sumably due to a fall in blood terazosin concentrations at the end af the dose interval, This explanation is not estab- 
lished with certainty and ts not consistent with the similarity of blood prassure response to once-a-day and bid. 


dosing. With the absence of an observed dose-response relationship over a range oj 5-20mg, i.e., Jf blood concen- ~ 


trations fall to the point of providing less than full effect at 24 hrs., a shorter gesing interval or targer dose should 
lead to increased response. Measure blood pressure (BP) at the end of the dose interval: if response is not satis- 
factory, patients may be tried on a larger dose or b.id. regimen. The tanar should be considered if side effects, 
such as dizziness. papain, or orthostatic complaints, are seen yaithin a few hours atter dosing. 

Tha greater BP effect associated with peak plasma concentrations (first few hours after dosing} appears some- 
what more position-dependent {greater in the erect position) than the effect of terazosin at 24 brs. In the erect po- 
sition thera is a 6-10 bpm increase in heart rate in the first few hours after dosing. During the first 3 brs. after 
dosing 12.5% of patients had a systali¢ pressure fall of 30mmHg or mere fram supine to standing, or standing sys- 
tolic pressure below SOmmHg with a tall of at laast 20mmHg, compared te 4% of a placeba group. 


INDICATIONS AND USAGE: Indicated for the treatment of hypertension. 
CONTRAINDICATIONS: None known. 


WARNINGS: Syncops and “First-dose” Effect: Terarosin, like other alpha-adrenergic blocking agents, can 


cause marked hypotension, especially postural hypotension, and syncope in association with the first dose 
of first few doses. A similar elect may occur H ‘py i3 interrupted for more than a few doses, Syncope 
has baen reported with other siphe-adrenergic blocking agents in sssociation with rapid dosage increases 
or introduction of another antihypertensive drug. Syncope may be due to an excessive postural tensive 
effect, although cecaslonally the syncopal episode has been preceded by severe supraventricular tachycardia 
with heart rates of 120-160 bpm. 


To decrease the likelihood of Syncane or exrassive, hypotension, always initiate treatment with a 1m; 
dose at bedtime. Tho 2mg and Smg tablets are not indicated as initial therapy. Increase dosage slowly, ani 
add additional antihypertensive agents with caution. Caution patients to avoid situations where-injury could 
result if syncope occurs during initiation of therapy. i 

In early studies, where increasing single doses up to gomg were given at 3 day intervals, talerance to the first 
dose phenomenon did not necessarily develap and the “first dose” effect was observed at all doses. Syncopal egi- 
sodes occurred in 3 af 14 subjects given doses of 2.5, 5, and 7.5mg, which ere higher then the recommended initial 
dose, Severe orthostatic hypotension (BP S0/Ommfig! was saen in two others en dizziness, tachycardia, and light- 
headedagss occurred in most subjects, These adverse effects all occurred within 90 min. of desing. S 

is multiple dose clinical triafs involving nearly 2000 patients, syncosg was reported in about 1% of patients, in 
no case Severe or prolonged, end was net necessarily associated with early doses. has 

if syncope cecars, piace patient in recumbent position and treat supportively. There is svidence that the 
orthostatic effect of terazozin is greater, even in chronic use, shortly after desing. 


PRECAUTIONS: General: Orthostatie Hypotension: While syncope is the most severe orthostatic effect of 
terezosin, other symptoms of lowered BP, such as dizziness, lightheadedness and palpitations, are more common, 
occurring in 28% of patients in clinical trials. Patients with occupatioas in which such events represent potential 
problems should be treated with particular caution. 


Jaformation for Patients: Make awate ot possibility of syncopal and orthostatic symptoms, especially at initiation 
of therapy, and to avoid driving or hazardous tasks for 12 hrs. after the first dose, atter a dosage increase, and 
after interruption of therapy when treatment is resumed. Caution to avoid situations where injury could resuk 
should syncope occur during initiat therapy, Advise to sit or lie down ‘when symptoms of lowared BP occur and to 
rise rarata from a sitting or lying position. Bothersome dizziness, lightheadedness, or palpitations should be 
reported to physician. e 

"ial patients that drowsiness or somnolence can accur, requiring caution in peopla who must drive or operate 
heavy machinery. > 
Laboratory Tests: Smali but statistically significant decreases in hematocrit, hemoglobin, WBC, total protein and 
albianin were observed in clinical trials. The magnitude of decreases did not worsen with time. These findings sug- 
gest the possibility of hemodilution. 
Drug interactions: in controlled tials, torazosin was added to diuretics, and severe] beta-adrenergic blockers; no 
unexpected interactions were observed. Terazosin has siso been used concomitantly without interaction in at least 
50 patients on the following: 1) analgesic/anti-inflammator aceteminoghen, aspirin, codeine, ibuprofen, indo- 
methacin); 2) antibiotics (erythromycin, trimethoprim and sulfamethoxazole}; 3) anticholinergic/s mpathomimet- 
its (phenylephrine KCI, phenyipropanolamine HCI, pseudoephedrine HCI); 4) amigout (allopurinol; j) antihista- 
mines (chlorpheniramine); 6) cardiovascular agents (atenolol, hydrochlorothiszide, methyclothiazide, pro- 
penola N eoticosteral ; 8) gastrointestinal agents (antacids); &} hypoglycemics; 10) sedatives and tranquil- 

ers (diazepam). 
Carcinogenesis, Mutagenesis, impairment of Fertility: HYTRIN was devoid of mutagenic potential when evaluated 
in vive and in vitro. i 

HYTRIN, administered in teed to rats at doses of 8, 40, and 75Gmefkg/day tor 2 yrs, was associated with a 
statistically significant increase in eniga adrenal medullary tumors of male rats exposed to the 250ma/kg dose. 
This dose is 635 X max. recommended human dose {(20mg/55kg}. Female rats were unaffected. HYTRIN was not 


oncogenic in mice when administered in feed for 2 yrs. at 2 maximum tolerated dose of 32mg/kg/day. 


The absence of mutagenicity in 8 battery of tests, of tumorigenicity of any celi type in the mouse carcinogenicity . 


assay, of increased total tumor incidence In either species, and of proliferative adrenal lesions in female rats, sug- 
pes 8 male rat species-specific event. Numerous other deverse pharmaceutical and chemical compounds have 
een associated with these tumors in male rats without Supporting evidence for carcinogenicity in man. 

Effects on fertility were assessed in a standard ferti ity/reproductive perfomance study in which male and 
femala rats were administered oral doses of 8, 30 and 120mg g/ċay. Four of 20 male rats given poma/kg end 5 
of 19 male rats given 120mg/kg failed to sire a litter. Testicular weights and morphology were unaffected. Vaginal 
smears at 30 and 120mg/kg/day appeared to contain less sperm than smears from control matings and good corre- 
lation was reported between sperm count and subsequent pregnancy. i 

Oral wse for 1 or 2 yrs. elicited a statistically siipat increase in testicular atrophy in rats exposed to 40 and 
250mg/kg/day, but not in rats exposed to Bing day (> 20 X max. recommended human dase). Testicular atro- 
phy was observed in dogs dosed with 300mg/kp/day (> 800 X max. recommended human dose} for 3 months but 
not after 1 yt. when dosed with 20mg/kg/day. This lesion has also been seen with Miniprass®. 

Prognency: Teratagenic effects: Pregnancy Category C. There are no adequate and well-cantrallad studies in preg- 

nant women and the safety of terazesin in pregnancy hes not been astablished. HYTRIN is aot recommended during 

Pregnancy eniess potential benefit justifies potential riek in mother and fetus, : 
jonteratogenic effects: in a peri- and post-natal development s-udy in rats, significantly mote pups died in the 

gu dosed with 120mp/kg/day (> 300 X max. recommended himan dose) than in the control group during the 

week post-partum period. 
Worsing Mothers: it is not known whether terazosin is excreted in breast milk; therefore, exercise caution when 
administering terazosin to a nursing woman. 4 


Pediatric Use: Satety and effectiveness have not been determined. 


ADVERSE REACTIONS: The prevalence of adverse reactions has been ascertained from 14 placebo-controlied 
studies conducted primarily in the U.S. The studies involved once-a-day administration of terezosin as monotherapy 
or in combination with other antihypertensiva agents, at doses ranging from } to 40mg. All adverse events reported 
during these studies were recorded as adverse reactions. Adverse events where the prevalence rate in the terazosin 
gong was at least 5%, where the prevalence rate for the terazosin group was st least 2% and was greater than 

o prevalence rate for the placebo group, or where the reaction is of particular interest are summanzed below. 
Only asthenia, blurred vision, dizziness, nasal congestion, nausea, peripheral edema, palpitations end somnctence 
were significant! p 005 mare common in patients receiving terarosin than in patients receiving placebo. 
Uther events include [MTERAZOSIN-“PLACEBO): asthenia (1 1.3%-4.356), back pain (246-12, Bluned 
vision (1.856-096) depression {0.3%-0.236}, dizziness {19,3%4-7.E%), dyspnea {3.1%-2.4%), edema 10.3%-0.5%}, 

eadache {16.2%-15.8% impotence {1.256-1.456), bids decreased 08% 04 }, nasal congestion 
5.9) 6}, nausea {4.44¢-7.496) nervousness (2.3%-1.856), pain-extremities 3556-356), palpitations 
4,3%- 1 2%}, Faygathesia 29%] Au), peripheral edema (5.5%-2.25), postural, hypotension {1.3%-8.4%), 
sinusitis {2.6%-1 456), somnolence 15.4%-2.6%), tachycardia {1.3%-1.2%), weight gain (0.59-0.2%). 

Adverse reactions were usually mild or moderate in intensity but sometimes were serious enough to interrupt 
treatment. Adverse reactions that were mosi bothersome as judged by being reported as reasons for discontinuation 
of herny by at least 0.5% of the terazosin group and being reported more often than in the placebo group 
[MTERAZOSI i 4%), dys- 


N-%4 PLACEBO] are: asthenia (1.6%-0%), blurred vision (0.6%-0%), dizziness (3.1%-0.4%), 
nea (0,9%-0.656), headache (1.3%-1%), nasal congesticn (0.6%-0%), nausea (0.8%-0%), palpitations 
t 4%-0.256), paresthesia (0.8%-0.29), peripheral deme (0.640%), postural hypotension {0.5%-0%). 
lence (0,6%-0.236}, syncope (0.5%-0.2%), tachycardia (0.6%-0%). , 3 
Additional adverse reactions have been reported, but Ihese are not distinguishable fram symptoms that might 
have occurred in the absence of exposure to terazosin. Tha follwing additional adverse reactions were reported 
by at least 1% of 1987 patients who received terazosin in clinicat studies or during marketing exparience: abdomi- 
nal pain, abnormal vision, anxiety, snhythmia, arthralgia, arthritis, brenchitis, chest pain, cold symptoms, conjunc- 
tivitis, constipation, dianhea, dry mouth, dyspepsia, epistaxis, facial edema, fever, flatulence. flu symptoms, gout, 
increased cough, insomnig, jsint disorder, myalgia, neck pain, pharyngitis, pruritus, rash, rhinitis, shoulder pain, 
sweating, tinnitus, urinary frequency, urinary tract inlection, vasodilation, vomiting. 


DOSAGE AND ADMINISTRATION: Dose and dose interval (12 or 24 hrs.) should be adjusted according to BP re- 
sponse. 

Initial Dose: Img at bedtime. Observe the initial dosing regimen strictly to minimize potential for severe hypoten- 
sive effa! ` 

$ nant Doses: Slowly increase dose to achieve desired EP response. Usual dose range is Img to Smg once 
a fay ome patients may benefit trom doses up to 20mg/day. Doses over 2Omp do not appear to provide further 
BP effect. Doses over yng have not been studied. Monitor BP at the end of dosing interval to assure control is 
maintained, It may be helpful to measure BP 2-3 hrs. after dosing to see if maximum and minimum responses are 
similar, and to evaluate symptoms which can result from excessive hypotensive response, If response is substan- 
tially diminished at 24 hrs. consider an ‘increased dose or hid. regimen. If administration is discontinued for 
several days or longar, reinstitute therapy using initial dosing regimen. (n clinical trials, except for the initial 
dose, the dose was given in the moming. 

Use With Othar Drugs: Caution should be observed whan terazosin is administered concomitantly with other an- 
hypertensive agents (e.g. calcium antagonists} to avoid the possibility of Significant hypotension. When adding a 
diuretic ar other antihypertensive agent, dosage reduction and retitration may be necassary. 
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Beta-adrenergic blockers in pregnancy 


William H. Frishman, M.D., and Michael Chesner, M.D. Bronx, N.Y. 


The therapeutic indications for 8-adrenergic block- 
ing drugs are varied. These drugs have proven 
efficacy in the treatment of hypertension, arrhyth- 
mias, hyperthyroidism, atherosclerotic heart dis- 
ease, essential tremor, migraine headache, and glau- 
coma.' Many of these conditions will manifest them- 
selves during the reproductive years of the female 
patient. The desire to ensure both maternal health 
and normal fetal growth and development has led to 
questions regarding the safety of 6-blocker use 
during pregnancy. In this review, the world experi- 
ence with §-blocker treatment during pregnancy is 
assessed. Recommendations concerning -blocker 
administration during pregnancy are proposed in 
light of this world experience. 


ADRENERGIC INFLUENCE ON MATERNAL-FETAL 
PHYSIOLOGY 


B-adrenergic activity during pregnancy assumes 
physiologic importance because of the direct effects 
the sympathetic nervous system have on umbilical 
blood flow and uterine tone and contractility (Table 
I). Because of the difficulty in studying humans and 
the need to separate direct from indirect sympathet- 
ic effects, most experimental work on umbilical 
blood flow has been conducted in the pregnant ewe. 
Oakes et al.* studied the effects of propranolol and 
isoproterenol in nonlaboring, anesthetized, pregnant 
sheep that were near term. During fetal or maternal 
infusion of the 8-blocker, there was a significant 
decrease in umbilical blood flow and in the maternal 
and fetal heart rate. Uterine blood flow and systemic 
blood pressure remained unchanged. With isopro- 
terenol infusion, there was an increase in umbilical 
blood flow and only a small increment in fetal heart 
rate. It may therefore be concluded that 8-adrener- 
gic tone affects basal umbilical blood flow and a 
disturbance in sympathetic inputs could be poten- 
tially harmful to the developing fetus. 
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a-agonists influence umbilical blood flow indirect- 
ly, through their action on uterine blood vessels. 
When a low dose of norepinephrine was infused 
directly into a uterine artery, a profound reduction 
in utero-placental blood flow developed.* A direct 
action of norepinephrine on the umbilical circula- 
tion has not been demonstrated.*® 

In the myometrium, there are adrenergic recep- 
tors of the a and 6 types. Stimulation of the 
8-receptor results in myometrial relaxation, whereas 
increased a-adrenergic stimulation potentiates con- 
tractility.° In animal studies, propranolol has been 
shown to reverse the myometrial depressant action 
of 8-stimulation.’ Barden et al.® also demonstrated 
this effect of propranolol in pregnant humans. In 
their study, pregnant women at term were selected 
for elective induction of labor. Maternal and fetal 
heart rates, maternal blood pressure, and intrauter- 
ine pressure were measured in all patients. After an 
infusion of oxytocin to eight patients, epinephrine 
was administered and caused a consistent inhibition 
of uterine activity, while accelerating maternal heart 
rate. These effects were completely reversed by prior 
propranolol treatment. Norepinephrine infusion 
potentiated uterine activity, while decreasing mater- 
nal heart rate and increasing blood pressure. Prior 
propranolol treatment had no effect, whereas the 
a-adrenergic blocker, phentolamine, significantly 
attenuated the actions of norepinephrine. After 
these studies, all the subjects had normal term 
vaginal deliveries. 

The influence of the autonomic nervous system on 
normal fetal circulation has also been studied in the 
fetal lamb preparation. In a report by Joelson and 
Barton,’ isoproterenol administered to the fetus 
caused an increase in heart rate and a decrease in 
blood pressure, whereas propranolol caused only a 
slight drop in heart rate. It was apparent that the 
effects of 8-adrenergic blockade in the unstressed 
and undisturbed fetus were minimal. However, 
when the fetus is stressed, stimulation of the 8- 
receptor may provide an important reserve for neo- 
natal adaptation. Thus, maternal treatment with 
8-blockers may impair the response to fetal dis- 
tress. 
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Table I. Effects of alpha- and beta-adrenergic receptor stimulation and blockade on maternal-fetal physiology 














Stimulation 
a-receptor 
Fetal heart rate > 
Maternal heart rate —_ 
Umbilical blood flow > 
Myometrical activity t 





Biockade 
B-receptor a-receptor 8-receptor 
t <«_> Seat al i! 
t t l 
t — } 
t { t 





«> = no effect; f} = increase; | = decrease. 


Table Il. Reported adverse effects of beta-blocking drugs 
in pregnancy and in the neonate 


. Intrauterine growth retardation 
Maternal and fetal bradycardia 
Premature labor 

. Delayed neonatal breathing 

. Neonatal hypoglycemia 

. Neonatal hyperbilirubinemia 





CLINICAL EXPERIENCE 


Propranolol. Propranolol, the oldest of the avail- 
able nonselective 6-blockers, was the first such agent 
to have wide application in pregnant patients. Since 
its early use in the late 1960’s, many favorable 
reports have accumulated. The drug has been 
employed successfully in the treatment of gestation- 
al hypertension,” thyrotoxicosis," obstructive car- 
diomyopathy,” paroxysmal atrial tachycardia," dys- 
functional uterine activity,“ and fetal tachycardia." 
Despite this encouraging experience in therapy, 
many severe adverse reactions have also been 
reported (Table II). The most .consistent observa- 

tion has been intrauterine fetal growth retarda- 
tion. 

In a long-term study of 12 human pregnancies, 
during which propranolol was administered over a 
long period of time, Pruyn et al.!* demonstrated poor 
intrauterine growth in half of the cases. They sug- 
gested that the experimental model of decreased 
umbilical blood flow in the ewe after long-term 
propranolol administration could deprive the grow- 
ing fetus of needed nutrients and thus impair 
growth. ; 

In contrast to the findings of Pruyn et al.,* in five 
prospective studies with propranolol and oxpreno- 
lol,°**° the incidence of retardation of uterine 
growth in 94 pregnancies was approximately 4%. In 
addition, two of the mothers whose babies were 
small for gestational age had normal-sized babies in 
subsequent pregnancies despite continued propran- 
olol therapy.” It would therefore seem inappropriate 


to conclude that 8-adrenergic blockade during preg- 
nancy is commonly associated with retardation of 
intrauterine growth.” 

Livingstone et al.,” in a 3-year randomized pro- 
spective study, compared methyldopa to proprano- 
lol in 28 women with pregnancy-associated hyper- 
tension and found both drugs to be equally effective 
in the treatment of maternal hypertension. No 
significant difference in the birth weights of the 
babies in each group were reported, although one 
infant born to a mother receiving propranolol had 
symptomatic hypoglycemia. Both this study and one 
by Taylor et al. demonstrated transfer of propran- 
olol into breast milk, although not in quantities that 
would appear to adversely affect the infant, as had 
been reported in the past. 

In a study measuring the fetal heart rate response 
to a controlled sound stimulus, Jensen™ has report- 
ed that a single 80 mg oral dose of propranolol given 
to pregnant women was of sufficient magnitude to 
affect the fetal heart rate response to those stimuli. 
While the study demonstrates a sensitive indicator 
of fetal drug absorption, possible long-term conse- 
quences are not addressed. 

Other reported adverse effects in the fetus include 
birth apnea,” bradycardia,” hypoglycemia,” polycy- 
themia,” hyperbilirubinemia, and prolonged 
labor,” as well as a case report of fetal death 
associated with propranolol administration.” None 
of the above reactions were reported consistently in 
studies with chronic therapy. Many of these reac- 
tions may represent the consequences of fetal 
distress occurring in high-risk obstetric patients. 
However, these isolated case reports deserve close 
attention and consideration. 

It would appear that in the presence of hypoxia or 
other stresses, 6-blockade would be especially coun- 
terproductive in its blocking activation of the sym- 
pathetic nervous system.® On the other hand, babies 
born to mothers treated with propranolol in uncom- 
plicated deliveries would not be expected to have 
any serious cardiac alterations attributable to 8- 
blockade. In treating any pregnant patient with 
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propranolol, the benefits of this treatment can be 
weighed against adverse effects upon the fetus. 

Metoprolol. Metoprolol is a @,-selective blocking 
agent. It is similar in its effectiveness to other 
nonselective 6-adrenoreceptor blocking drugs used 
in the treatment of angina pectoris” or essential 
hypertension.* Because of its primary {,-selective 
properties, the drug would theoretically not inter- 
fere with -mediated peripheral vasodilatation or 6, 
effects on uterine tone. 


In a large-scale clinical study,” 101 pregnant 


patients with systemic hypertension were treated 
with metoprolol alone or in combination with 
hydralazine and a diuretic for a mean period of 4 
weeks during pregnancy. This group was compared 
with 97 hypertensive gravidas treated with hydral- 
azine. Perinatal mortality was lower in the metopro- 


lol group, as was the rate of fetal growth retardation. 


No significant adverse effects were reported in the 
fetus. Apparently, metoprolol, like propranolol,” 
crosses the placenta; however, the concentration of 
the drug was relatively low in the umbilical blood 
samples. This low drug level in the umbilical circu- 
lation was thought to be related to poor maternal 
drug absorption, as maternal blood levels were also 
comparatively low. However, there may be another 
possible reason for the low.serum levels of metopro- 
lol. Hogstedt et al. have shown that metoprolol 
clearance during pregnancy was related to increased 
hepatic metabolism of the drug via the hepatic 
monoxygenase system. 

Sandstrom* has shown the combination of meto- 
prolol and hydralazine to be superior to hydralazirie 
and thiazide for the treatment of hypertensive preg- 
nant patients with regard to maternal well-being, 
fetal intrauterine growth, 10-minute Apgar scores, 
and perinatal mortality. 
= Atenolol. Atenolol, another cardioselective g- 
blocker with a relatively long half-life and low lipid 
solubility, has been studied in pregnant hyperten- 
sive patients as well. Rubin et al.” report that in a 
prospective, double-blind, randomized trial involv- 
ing 120 pregnant women with hypertension that 
developed in their third trimester, patients received 
either atenolol or placebo. The results indicated that 
atenolol was able to successfully lower the blood 
pressure and improve the outcome of pregnancy. 
Proteinuria developed in all of the placebo patients, 
as compared with its development in only four 
patients taking atenolol. In both groups, Apgar 
scores and birth weights of newborn infants were 
virtually the same. The atenolol-treated group had 
fewer cases of infants born with hypoglycemia, fewer 
deaths, and fewer cases of respiratory distress than 
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the control group. However, bradycardia (heart rate 
<120 bpm) developed in more infants in the ateno- 
lol-treated group than in the placebo group. All 
episodes lasted less than 10 minutes and no inter- 
vention was necessary. 

A case was reported by Fowler et al.™® in which 
atenolol successfully controlled the blood pressure 
in a woman with essential hypertension who had 
developed preeclampsia and had lost her baby dur- 
ing a previous pregnancy. Despite the fact that - 
atenolol crossed the placenta, there was no evidence 
of any adverse effect on the fetus, despite concep- 
tion during atenolol therapy and its continuation 
throughout pregnancy. Reynolds et al.” performed a 
prospective study in which 120 women who devel- 
oped hypertension during their third trimester were 
randomly allocated in double-blind manner to ate- 
nolol or placebo. The children were followed until 
the age of 1 year with no short- or medium-term 
complications in the atenolol-treated group. 

Oxprenoloi. Oxprenolol, a noncardioselective 8- 
blocker with intrinsic sympathetic activity, has been 
shown to be safe and effective for the treatment of 
pregnancy-associated hypertension. Gallery et al. 
compared it with methyldopa in 183 randomly 
assigned patients. The two groups showed equal 
hypertension control and greater fetal growth in the 
group treated with oxprenolol. | 

A study by Fidler et al. compared oxprenolol and 
methyldopa in 100 pregnant women with diastolic 
blood pressure above 95 mm Hg. While fetal out- 
comes were not significantly different in the two 
groups, the oxprenolol-treated group required great- 
er increments in their medication than did the 
methyldopa-treated group. 
~ Acebutolol. Acebutolol, a cardioselective 8-blocker 
with sympathomimetic activity, was compared with 
methyldopa in the treatment of 20 pregnant women 
with mild to moderate hypertension.” There were 
no stillbirths or neonatal deaths in either group. 
There was no discernible difference in the two 
groups in duration of pregnancy, birth weight, Apgar 
score or placental weight, and no evidence of brady- 
cardia, hypoglycemia, or respiratory difficulty in the 
babies born to mothers taking acebutolol. 

Pindolol. Pindolol, a §-blocker with sympathomi- 
metic activity, was compared with methyldopa in 
the treatment of 32 women with pregnancy-induced 
hypertension.” There was no difference in the two 
groups with regard to fetal intrauterine growth 
estimation, fetal Apgar scores at 1 and 5 minutes, 
and fetal morbidity. In the pindolol group, there was 
a statistically significant drop in both systolic and 
diastolic blood pressure values after treatment, lev- 
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els significantly lower than in patients treated with 
methyldopa. Furthermcre, suggestive of a beneficial 
effect on the renal function of toxemic women was 
the observed decrease in serum creatinine values 


and the observed rise in creatinine clearance i in the. 


pindolol-treated group. 

Labetalo!. Labetalol, like propranolol, blocks both 
B,- and §,-adrenoceptors.*? However, labetalol is 
unique in that it also has both a,-adrenergic block- 
ing properties and direct vasodilating activity. This 
drug has been shown to be a potent antihypertensive 
agent.**4 There have been a number of favorable 
reports describing the safe use of labetalol in the 
treatment of hypertension in pregnancy.“ Clini- 
cally significant fetal hypoglycemia, bradycardia, or 
respiratory depression was not usually associated 
with maternal labetalol therapy. Michael“ treated 
85 women with severe hypertension complicating 
pregnancy with oral labetalol as single drug therapy. 
Effective control of the blood pressure was achieved 
in all but six patients with a maximum dose of 1200 
mg/day. Perinatal mortality was 4.4%, and there 
were no congenital malformations in any of the 
infants delivered. In studies comparing labetalol to 
methyldopa in the treatment of hypertension in 
pregnancy, labetalol has been shown to be as effec- 
tive as £ and possibly superior to methyldopa in 
obtaining good blood pressure control. Oral labetalol 
(200 mg) has also been compared with intramuscular 
hydralazine (10 mg)* and was found to be more 
acceptable to patients, equally effective, more pre- 
dictable in its action, and caused no change in heart 
rate as compared with hydralazine. 

Labetalol has also been shown to be adoa 
when administered intravenously in those situations 
in which rapid reduction of blood pressure in preg- 
nancy is required, such as in severe preeclampsia or 
eclampsia.” In a study comparing intravenous 
dihydralazine with intravenous labetalol, labetalol 


appeared to offer significant advantages in the. 


management of hypertension in pregnancy.®. A 
recently completed study by Michael, comparing 
intravenous labetalol with intravenous diazoxide for 


the treatment of hypertensive crises in pregnancy, 


showed that labetalol was free of fetal and maternal 
side effects and was a more appropriate drug for use 
in the management of hypertensive crises in prég- 
nancy and labor. 

Since labetalol is known to cross the placenta® 
and is an a- and @-receptor blocker, the possibility 
that placentally-transferred labetalol might cause 
sympathetic blockade in the newborn infant was 
examined in a recent study by MacPherson et al." 
With the use of 11 infants born to mothers treated 
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with labetalol and 11 carefully matched controls, 
measurements of systolic blood pressure, heart and 
respiratory rates, palmar sweating, blood glucose, 
and the metabolic and vasomotor responses to cold 
stress were used as parameters. Infants of mothers 
treated with labetalol showed a mild transient hypo- 
tension that disappeared within 24 hours. There 
were no other significant differences between the 
two groups, and the authors concluded that labetalol 
does not cause significant sympathetic blockade in 
mature, newborn infants, though in their discussion 
they recommend further study comparing labeta- 
lol’s effect on the stressed preterm infant’s sympa- 
thetic system. 


CONCLUSIONS 


Clinical research that employs drug therapy dur- 
ing pregnancy is limited by ethical and practical 
considerations. However, the amount of available 
information regarding -blockers in pregnancy is 
equivalent to that available for many antihyperten- 
sive drugs that are commonly used during female 
gestation. The current evidence would suggest that 
8-blockers are relatively safe if used during pregnan- 
cy, with little risk to the fetus and possible benefit to 
the mother. However, until data from definitive 
studies are available, it would be advisable to adhere 
to the following guidelines: (1) Avoid, whenever 
possible, the use of 6-blocker therapy during the 
first trimester of pregnancy. (2) Use the lowest 
possible 8-blocker dose. Combination of low doses of 
B-blockers and low doses of other agents might 
provide optimal drug therapy. (8) If possible, dis- 
continue 6-blocker therapy at least 2 to 3 days prior _ 
to delivery, both as a way of limiting the effects of 
8-blockers on uterine contractility and for prevent- 
ing possible neonatal complications secondary to 
B-blockade. (4) Use of 8-blockers with 6,-selectivity, 
intrinsic sympathetic activity, or a-blocking activity 
may be preferable in that these agents would be less 
likely to interfere with 8,-mediated uterine relax- 
ation and peripheral vasodilation. 

Studies are still needed to better define B-blocker 
pharmacokinetics in the mother and fetus. Also, 
studies are warranted during pregnancy to assess the 
safety and efficacy of 8-blockers with existing car- 
diovascular therapies. The generally favorable out- 
come seen in patients from the studies reported to 
date should encourage on-going investigations in 
this area. 
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The comparative effects of clonidine 
hydrochloride and nifedipine in the treatment of 


hypertensive crises 


Mark C. Houston, M.D. Nashville, Tenn. 


Although the frequency of malignant hypertension 
and hypertensive crises has steadily decreased in 
recent years,™? severe blood pressure elevation (dia- 
stolic blood pressure = 120 mm Hg) poses a threat 
to the integrity of the cardiovascular system and 
results in high morbidity and mortality in a short 
period of time.*? Prompt recognition with appropri- 
ate, effective therapy must be instituted in these 
patients, but overly aggressive treatment of high 
blood pressure may actually induce serious adverse 
consequences, such as cerebrovascular accident, 
acute myocardial infarction, or acute renal failure. 
Numerous oral and parenteral antihypertensive 
agents are now available for the treatment of hyper- 
tensive crises. Several oral antihypertensive agents 
have recently been studied in hypertensive crises, 
and some of them demonstrate excellent efficacy 
with a low side effect profile. Two oral antihyperten- 
sive regimens that show the greatest promise in 
treating hypertensive crises are clonidine hydrochlo- 
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ride and nifedipine. This article will discuss these 
two agents in detail, comparing their relative advan- 
tages and disadvantages in the clinical treatment of 
hypertensive crises. l 


GENERAL GOALS OF THERAPY 


Blood pressure is a function of cardiac output and 
systemic vascular resistance (SVR). The hemody- 
namic derangement in a hypertensive crisis is a 
marked elevation in SVR resulting from structural 
and functional vasoconstricting forces with a con- 
comitant marked reduction in cardiac output.® 
Reduction of SVR without reduction in cardiac 
output is the most logical approach for effective 
therapy. Reduction in blood pressure should be 
prompt, but the rapidity of the fall and the level of 
decrease must not compromise perfusion and blood 
flow to vital organs, such as the brain, heart, or 
kidneys, and induce cerebrovascular accident, myo- 
cardial infarction, or acute renal failure. Intravascu- 
lar volume, which is usually reduced, should be 
replaced simultaneously with effective antihyper- 
tensive therapy.” An understanding of the onset of 
action, maximum effect, duration of action, hemo- 
dynamic effects, adverse reactions, relative effect. on 
organ perfusion, and clinical pharmacology of each 
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Table I. Hypertensive emergencies 


Diastolic blood pressure greater than 120 mm Hg with one of 

the following: : 

Intracranial hemorrhage or thrombotic cerebrovascular 
accident 

Subarachnoid bleeding 

Hypertensive encephalopathy 

Acute aortic dissection 

Acute pulmonary edema, acute congestive heart failure, and 
acute left ventricular failure 

Eclampsia (toxemia of pregnancy) 

Pheochromocytoma hypertensive crisis 

Grade 3 or 4 Keith-Wagner funduscopic changes (malignant 
hypertension) 

Acute renal insufficiency or failure 

Myocardial insufficiency syndromes (unstable angina pec- 
toris, acute myocardial infarction) 

Other severe catecholamine excess syndromes 
Antihypertensive drug withdrawal syndromes 
Head injuries 
Burns 
Drug interactions (i.e., monoamine oxidase inhibitors) 


antihypertensive drug is mandatory for selection of 

appropriate therapy. This allows the clinician to 

determine how quickly to reduce the blood pressure 

and the goal blood pressure level, the hemodynamic 

effects on cardiac output, SVR, cerebral, myocardi- 

al, and renal blood flow, and to monitor side 
` effects. i 


CLASSIFICATION: HYPERTENSIVE URGENCIES VS 
HYPERTENSIVE EMERGENCIES 


From a practical clinical standpoint, to allow the 
clinician to establish therapeutic priorities, hyper- 
tensive crises can be classified into two major cate- 
gories: (1) hypertensive emergencies (Table I) and 
(2) hypertensive urgencies or severe hypertension 
(Table II). The crisis is considered hypertensive 
emergency usually when diastolic blood pressure is 
greater than 120 mm Hg and there is evidence of 
severe end-organ damage that is new or progressive 
and is associated with one or more of the conditions 
listed in Table II. A delay in therapeutic interven- 
tion will lead to irreversible debilitating sequelae or 
death. These patients should be admitted to the 
hospital, preferably to an intensive care unit, and 
monitored with a femoral intraarterial line and often 
a pulmonary arterial catheter, particularly if coexis- 
tent cardiac or pulmonary disease is present or the 
intravascular volume status is unknown. Blood pres- 
sure should be reduced to a safe level within 1 hour. 
A hypertensive urgency is present usually when 
diastolic blood pressure is greater than 120 mm Hg 
and there is minimal or no end-organ damage or 
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Table ll. Hypertensive urgencies 


Accelerated hypertension with severe blood pressure elevation 
(diastolic blood pressure usually >120 mm Hg) with mini- 
mal end-organ damage in which there is no evidence for 
those conditions in Table II and no impending complica- 
tions 

Grade 1 or 2 Keith-Wagner changes are acceptable findings 
for hypertensive urgency 

Postoperative hypertension 

Preoperative uncontrolled or untreated hypertension 





complications. Blood pressure should be lowered 
expeditiously, within several hours to 24 hours, but 
the risk of immediate complications is less frequent 
and the prognosis is better. If the condition is left 
untreated, however, the ultimate prognosis is poor. ` 
These patients may be safely treated in an outpa- 
tient setting (emergency room or office) and admis- 
sion to the hospital, invasive monitoring, and paren- 
teral therapy can be avoided. 


ORAL THERAPY FOR HYPERTENSIVE CRISES 


Numerous oral antihypertensive agents have been 
studied in patients with hypertensive crises, includ- 
ing clonidine,®? nifedipine,** methyldopa?” pra- 
zosin’”” beta blockers,“ labetalol,“ hydral- 
azine,** ® minoxidil, 2® captopril, and other calci- 
um channel blockers. Only clonidine and nifedi- 
pine will be discussed in this article, because they 
are the best studied and appear to be the most 
effective with the fewest adverse effects. The reader 
is referred to Table III and the references cited 
previously for a more detailed discussion of the 
various other oral antihypertensive agents. 

Clonidine hydrochloride. Oral clonidine loading is a 
safe and effective treatment regimen for selected 
patients with hypertensive crises. An initial oral 
loading dose of 0.1 to 0.2 mg followed by 0.05 mg to 
0.1 mg each hour to a maximum total dose of 0.8 mg 
will achieve a significant goal blood pressure reduc- 
tion in 93% of patients.” A total of 101 patients 


` have been treated with this method to date.®? The 


average fall in systolic, diastolic, and mean blood. 
pressure is 56 mm Hg, 25 mm Hg, and 38 mm Hg, 
respectively, occurring in an average time of 2.75 
hours with an average oral dose of 0.36 mg. l 

A successful response could not be predicted by 
any clinical characteristic such as race, sex, age, or 
pretreatment blood pressure levels. Blood pressure 
reduction starts within 30 to 60 minutes, is maximal 
at 2 to 4 hours, and is almost always a rapid, smooth, 
graded, predictable reduction lasting for 8 to 12 
hours.°* Cardiac output is preserved, heart rate is 


154 Houston 


Table Ill. Other oral antihypertensive drugs for hypertensive crisis 
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Drug 


Methyldopa 


Prazosin 


Beta blockers 


Labetalol 


Hydralazine 


Minoxidil 


Captopril 


Other approved calcium channel blockers 
(diltiazem, verapamil) 


Advantages 


Reduction in SVR 
Renal function preserved 
Minimal reduction in CO 


Reduction in SVR 

Preserves CO 

Preserves renal function 

Lowers preload 

Rapid, complete absorption 

Drug of choice only in dissecting aneu- 
rysm with trimethaphan 


Reduces SVR 


Reduces SVR 

Rapid onset 

Preserves renal function 

Complete absorption 

Drug of choice in toxemia of pregnancy 


Rapid complete absorption 
Rapid onset 

Reduces SVR 

Preserves renal function 


Rapid, complete absorption 

Rapid onset 

Reduces SVR 

Préserves CO 

Preserves renal function 

Reduces preload 

Reduces SVR 

Preserves renal function 

CO preserved or increased with diltia- 
zem 





Disadvantages 


Variable absorption orally 

Slow onset of action 

Unpredictable blood pressure response 
Paradoxic hypertension (rare) 
Sedation, somnolence 

First-dose hypotension in some 
Syncope in dehydrated patients 
Unpredictable blood pressure response 


Reduces CO and heart rate 

Elevates SVR 

Slow onset of action 

Unpredictable blood pressure response 

May increase blood pressure 

Hypotension with first dose 

Reduces CO and heart rate 

Unpredictable response . 

Exacerbates obstructive lung disease, 
heart failure, atrioventricular block 

Paradoxic hypertension (rare) 

Reflex tachycardia 

Exacerbates angina, AMI, and dissecting 
aneurysm 

Volume overload 

Unpredictable response 

Severe headaches 

Refiex tachycardia (severe) 

Exacerbates angina, AMI, and dissecting 
aneurysm 

Severe volume overload 

Must use with loop diuretic and beta 
blocker or central alpha agonist as pre- 
treatment 

Hypotension 

Unpredictable response 

First-dose hypotension 

Syncope 

Variable, unpredictable response 

ARF in bilateral renal artery stenosis 


Variable reduction in CO (verapamil) and 
heart rate 

Heart block 

Slower onset 

Less effective compared to nifedipine 





SVR = Systemic vascular resistance: CO = cardiac output; AMI = acute myocardial infarction; ARF = acute renal failure. 


reduced about 10%, SVR is reduced, preload is 
reduced, renal function, renal blood and plasma 
flow, and glomerular filtration rate are unchanged or 
improved, and renal vascular resistance falls. Perfu- 
sion to vital organs is preserved,” specifically cere- 
bral blood flow (CBF). Clonidine may reduce total 
CBF as measured by some techniques,” but it 
actually improves regional CBF and improves flow 
to ischemic areas with no apparent change in intra- 


cranial pressure, cerebral edema, or the CBF auto- 
regulation curve (Hart G: unpublished data). 
Pulmonary wedge pressure (PWP), pulmonary 
artery pressure (PAP), pulmonary vascular resis- 
tance (PVR), and right atrial pressure (RAP) are 
reduced, coronary artery resistance falls, and coro- 
nary artery blood flow increases resulting in favor- 
able myocardial oxygen consumption.” Plasma vol- 
ume is unchanged or reduced initially in about 60% 
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Table IV. Suggested protocol for use of clonidine in hypertensive crises 


Diastolic blood pressure 


More than 120 mm Hg 
End-organ damage absent 
Age less than 60 yr 
Intravascular volume depletion not present 
No concomitant antihypertensive agents 
More than 120 mm Hg 
End-organ damage absent but one of following present: 
Age more than 60 yr 
Known cardiac or cerebrovascular disease 
Intravascular volume depletion 
Receiving concomitant antihypertensive agents 
More than 120 mm Hg with severe end-organ 
damage (such as grade 3 or 4 retinopathy, 
renal failure, myocardial infarction, pulmonary 
edema, cerebrovascular accident, 
encephalopathy) 





Initial dose Hourly dose Total dose 
(mg) (mg) (mg) 
0.2 0.1 0.8 
0.2 0.1 0.8 
0.2 0.1 0.8 
0.2 0.1 0.8 
0.05 to 0.1 0.05 to 0.1 : 0.8 
0.05 to 0.1 0.05 to 0.1 0.8 
0.1 0.05 to 0.1 0.8 
0.1 0.05 to 0.1 0.8 


Admit to ICU, monitor, and start with intravenous nitro- 
prusside, then gradually add clonidine at a dose of 0.05 
mg to 0.1 mg every 6 hours until a safe goal blood 
pressure is achieved 











Table V. Suggested protocol for use of nifedipine in hypertensive crises 


Diastolic blood pressure 


More than 120 mm Hg 
End-organ damage absent 
Age less than 60 yr 
Intravascular volume depletion not present 
No concomitant antihypertensive agents 
More than 120 mm Hg 
End-organ damage absent but one of following present: 
Age more than 60 yr 
Known cardiac or cerebrovascular disease 
Intravascular volume depletion 
Receiving concomitant antihypertensive agents 
More than 120 mm Hg with severe end-organ 
damage (grade 8 or 4 retinopathy, renal failure, 
myocardial infarction, pulmonary edema, 
cerebrovascular accident, encephalopathy) 





of patients because of a mild natriuretic and diuretic 
effect. Plasma renin activity and plasma catechol- 
amine and aldosterone levels are decreased. 

Mild sedation is reported in- 20% to 37%, dry 
mouth in 15% to 31%, and dizziness in 5% to 13%, 
but hypotension is rare, occurring in less than 1% of 
patients.*° No serious side effects have been report- 
ed, and the vast majority of patients have an 
excellent response. Patients with initial bradycar- 
dia, sick sinus syndrome, or atrioventricular block 
should be observed carefully or use an alternate 
agent, since clonidine may enhance conduction 
abnormalities. 

Patients with known or suspected intracranial or 
extracranial cerebrovascular disease, those with 





Initial dose Dose every 2-3 Total dose 
(mg) hr (mg) (mg) 
10 10 60-90 
10 10 60-90 
10 10 60-90 
10 10 60-90 
5-10 £-10 60-90 
5-10 © 5-10 60-90 
5-10 5-10 60-90 
5-10 5-10 60-90 


Admit to ICU, monitor, anc start with intravenous nitro- 
prusside, then gradually add nifedipine at a dose of 5 to 10 
mg orally every 6 hours until a safe goal blood pressure is 
achieved i 





severe intravascular volume depletion, those receiv- 
ing concomitant antihypertensive agents, and those 
over age 60 years should have a modified initial 
loading and maintenance dose of 50% to 75% of the 
recommended dose (Table IV). Should hypotension 
occur; tolazoline, 5 to 10 mg intravenously with 
normal saline solution, will reverse the effects of a 
0.6 mg dose of clonidine.® 

Patients should be encouraged to remain relative- 
ly inactive after discharge from an emergency room 
or office and should return within 24 hours for 
adjustment of the dose of clonidine or for additional 
antihypertensive drug therapy. Although the total 
dose of clonidine required for chronic administra- 
tion cannot be predicted from the initial loading 
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Table Vi. Comparative effects of clonidine and nifedipine in hypertensive crises 














Clonidine Nifedipine 
Blood pressure + ‘ 
Heart rate { t 
Cardiac output — ort — or f 
Stroke volume orf ort 
Pulmonary wedge pressure l { 
Pulmonary artery pressure J l 
Pulmonary vascular resistance J } 
Right atrial pressure { { : 
Systemic vascular resistance J { 
Glomerular filtration rate tor—> t or > 
Renal blood flow t or > t or > 
Renal-plasma flow tor> tor > 
Renal vascular resistance } 
Coronary artery blood fow t 
Coronary artery resistance { 
Myocardial oxygen consumption + 
Cerebral blood flow (total) or } (?) t or > (2) 
Cerebral blood flow (regional) mea) — or | (2) 
Plasma volume or} ort 
Natriuretric effect Yes (60%) Yes (initial) 
Diuretic effect Yes (60%) Yes (initial) 
Plasma renin activity 4 t (initial) 


Plasma catecholamines 


t (initial) 


Plasma aldosterone J — or Î (initial) 
Dosage forms 0.1, 0.2, 0.3 mg oral 10 mg oral, sublingual, buccal, rectal 
Time of onset 30 min 10 min 
Maximum effect 1-2 hr 30 min-1 hr 
Duration of action 8-12 hr 4-6 hr 
Average dose to Goal blood pressure 0.4 mg 10-30 mg 
Average blood pressure reduction 20-25% 25% 
Adverse effects g 
Sedation 20-37 % Uncommon 
Dry mouth 15-31% 1-2% 
Dizziness 5-13% 5-10% 
Orthostatic symptoms 1% 1% 
Hypotension <1% 1% 
Headache 5% 4% 
Palpitations Rare 5% 
Flushing None 5% 
Edema None 3% | 





Legend: Increased = f; decreased = |; no change = —. 


dose, it is recommended that 80% of the total 
clonidine loading dose be given for 24 to 48 hours 
until the blood pressure can be regulated. Most 
patients who are followed will require two or three 
drugs during chronic therapy with a diuretic and 
another agent, with an average dose of clonidine of 
0.4 mg/day.® 

Oral loading with clonidine allows for a smooth, 
rapid, predictable reduction of blood pressure with 
less need for close observation, monitoring, intrave- 
nous lines, and hospitalization compared to paren- 
teral treatment methods. Carefully and appropriate- 
ly selected patients with hypertensive crises can be 
effectively and safely treated with this regimen. 





Nifedipine. More than 500 patients with hyperten- 
sive crises or severe hypertension have been treated 
with a 10 to 20 mg dose of oral, sublingual, buccal, or 
rectal nifedipine.” Nifedipine produces a prompt 
reduction in systolic and diastolic blood pressure 
and mean arterial pressure (MAPof 25% below 
baseline in 98% of patients.“*> The SVR is reduced, 
and the decrease is inversely proportional to the 
initial SVR and blood pressure.'¢1.23 28 62-64 There 
is no change in blood pressure or heart rate in 
normotensive patients, but a reflex increase in 
heart rate occurs in most. hypertensive pa- 
tients, 1% 15-17, 19-21, 23, 24, 28-29, 33, 62-65 although some studies 
have shown no change in heart rate?” or an actual 
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decrease.**= Stroke volume,!® 17192362 cardiac in- 
dex, #7: 18, 23, 26, 28 and cardiac output 17, 18, 23, 26, 28 are 
increased; myocardial oxygen consumption is 
reduced!*!® and coronary artery blood flow is 
increased, whereas coronary artery resistance 
falls.1® 19° RAP,” 26 PAP,” 26, 28 PVR T™ 2 and 
PWP™228 are reduced, which reduces pulmonary 
edema and induces favorable hemodynamic results 
that relieve congestive heart failure, left ventricular 
dysfunction, and angina pectoris. 17, 25, 26, 28 

Nifedipine usually improves renal function by 
increasing the glomerular filtration rate, renal 
blood flow, and renal vascular resistance? and 
reducing renal plasma flow.® Acutely, nifedipine has 
a natriuretic,“ diuretic,“ and uricosuric® effect, 
whereas chronic administration may produce edema 
of the lower extremities with mild volume reten- 
tion. Nifedipine has been reported to cause 
transient reversible renal failure in hypertensive 
patients with preexisting renal insufficiency.® Hor- 
monal effects vary with duration of treatment. 
Acute administration of nifedipine increases plasma 
renin activity" and norepinephrine levels,*© 
whereas with chronic administration these levels 
return toward normal.” 

Both the dosage and method of ainiti 
determine the antihypertensive efficacy, time of 
onset, and maximal effect. Nifedipine can be admin- 
istered as a 10 to 20 mg sublingual,!5 20 22. 25, 26, 28, 29, 31-33 
oral,3 17,18,21, 2-273 buccal, or rectal® dose. The 
onset of action with sublingual and buccal adminis- 
tration is 5 to 10 minutes, and with oral and 
rectal administration it is 15 to: 30 minutes. The 
maximal effect occurs in about 30 min- 
utes, 1219 22-%4,27,33 A duration of action of 4 to 6 hours 
is not affected by the method of administra- 
tion. 13-17, 18, 33 

A rapid hypotensive effect may occur in patients 
with hypovolemia,” in patients receiving prazosin, 
alpha blockers, or other vasodilators, and in elderly 
patients. Hypotension is apparently rare, however, if 
nifedipine is used alone. Lower doses are advisable 
in these subsets of patients (Table V). 

In the patients reported to date, the average 
reduction in systolic blood pressure is 25% diastolic 
blood pressure 25%, and MAP 25%, the increase in 
heart rate is 15%. Ail dosage forms have equal 
efficacy with goal blood pressure achieved in about 
98% of patients. The antihypertensive effect is 
inversely proportional to the pretreatment blood 
pressure and the level of SVR. 

The adverse effects include dizziness (6% to 
10%), headache (4%) 50196 palpitations 
(5%) 51128 premature ventricular beats (4%),!” 
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facial burning (6% ),” leg paresthesias (6%),"" flush- 
ing or hot flashes (5%), 161962 giddiness, hypoten- 
sion,!* pedal edema (2% to 3%),® © fluid retention 
(3%), §6 87 fatigue," and dry mouth.” 


REGIONAL BLOOD FLOW IN HYPERTENSIVE 
EMERGENCIES 


During antihypertensive therapy in a hyperten- 
sive crisis, it is important to evaluate the effect of 
treatment on regional and-global blood flow to vital 
organs, such as the central nervous system, kidneys, 
and myocardium. The ability to assess CBF (global 
and regional) has been limited by the technical 
methods used. Single photon emission tomography 
and xenon have improved the interpretation of the 
effects of rapid reduction in systemic arterial pres- 
sure on CBF.” The lower limit of MAP for CBF 
autoregulation in the chronically hypertensive 
patient is 120 to 160 mm Hg, which is much higher 
than in patients with acute hypertension (60 to 120 
mm Hg) or in normal subjects. Rapid reductions in 
blood pressure below this level may reduce CBF to 
critical levels and precipitate a cerebrovascular acci- 
dent or induce symptoms and signs of cerebral 
hypoperfusion.” , 

Autoregulation of CBF in both chronically hyper- 
tensive and normotensive patients is unimpaired 
until the MAP is reduced by 25% or the absolute 
lower limit of blood pressure autoregulation is 
reached, whichever occurs first." Neurologic com- 
plications rarely occur if blood pressure is main- 
tained above these levels. However, if MAP falls 
40% or more below the initial blood pressure, then 
definite neurologic symptoms and complications can 
occur.” On the other hand, at the upper limit of 
autoregulation, a further increase in MAP may 
result in breakthrough of autoregulation, vasodila- 
tion, increase in CBF, disruption of the blood-brain 
barrier, and subsequent cerebral edema (hyperten- 
sive encephalopathy). The relative effects of the 
antihypertensive agents on CBF have not been 
adequately studied, but some theoretic concerns 
must be considered with nifedipine in hypertensive 
emergencies. The first is that a rapid profound 
decrease in blood pressure (average 25% reduction 
in MAP) that occurs consistently with nifedipine 
could induce regional or global cerebral hypoperfu- 
sion and result in a “cerebral steal syndrome” from 
ischemic areas, if MAP falls below the lower limit of 
cerebral autoregulation. The second concern is that 
the cerebral vasodilation induced by nifedipine 
could exacerbate cerebral edema in patients with 
hypertensive encephalopathy who have lost the abil- 
ity to autoregulate CBF at the upper limit of MAP 
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because of disruption of the blood-brain barri- 
er.% 6.7 On the other hand, CBF may be preserved 
in other patients as MAP is reduced with nifedipine. 
These issues require further investigation for both 
nifedipine and clonidine. 





CONCLUSIONS 


Clonidine and nifedipine administered orally in 
hypertensive crises produce a prompt, -consistent, 
predictable, dose-related,.and safe reduction in sys- 
temic arterial pressure with few adverse effects. The 
decrease in blood pressure is independent of age, 
sex, race, or plasma renin activity during: acute 
treatment. The overall hemodynamic effects are 
favorable with both agents with either an increasé or 
no change in ‘cardiac output, cardiac index, stroke 
volume, glomerular filtration rate, renal blood flow, 
renal plasma flow, CBF, and coronary artery blood 
flow, and a decrease in SVR, PVR, PAP, and PWP. 
Although the heart rate is increased with nifedipine 
in most patients, myocardial ischemic syndromes 
are rare because of an overall favorable balance in 
myocardial oxygen supply and demand. Clonidine 
reduces the heart rate with a favorable balance also. 
' These hemodynamic changes, in conjunction with 
_the decrease in blood pressure, do not usually induce 

any significant clinical problems. The overall hemo- 
dynamic effects of both clonidine and nifedipine are 
very similar to those of intravenous nitroprusside, 
which is the parenteral agent of choice in most 


hypertensive crises” (Table VI). However, precau- - 


tions should be taken, particularly in elderly 
patients and those with hypovolemia, chronic renal 
failure, cerebrovascular disease, angina, myocardial 
infarction, encephalopathy, or other hypertensive 
end-organ damage, in not reducing the blood pres- 
sure too precipitously or below the lower limit of 
autoregulation for the brain, heart, kidneys, or other 
vital organs. Rapid reduction in blood pressure to 
normal levels is not desirable during the first 24 to 
48 hours. Ability to predict the blood pressure re- 
sponse will aid the clinician in selecting appropriate 
patients for either treatment regimen. Nifedipine 
may be particularly useful in the subset of patients 
with angina, pulmonary edema, or congestive heart 
failure and a hypertensive crisis. Nonparenteral 
administration of clonidine and nifedipine is simple, 
efficacious, cost-effective, and reduces the need for 
invasive hemodynamic monitoring and often the need 
for hospital admission. The clinical use of these agents 
in this setting is very promising. _ 
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Rotational atherectomy in atherosclerotic rabbit 


iliac arteries 


D. Dennis Hansen, M.D., David C. Auth, Ph.D., Rudy Vracko, M.D., and 


James L. Ritchie, M.D. Seattle, Wash. 


Percutaneous transluminal coronary angioplasty 
(PTCA) has become a common procedure for coro- 
nary revascularization.! When used in selected 
patients, PTCA is initially successful in 90% of 
patients in whom it is tried.? Patients experience 
relief of chest pain and improvement in exercise 
tolerance.’ PTCA is not technically possible, howev- 
er, in many patients with symptoms of coronary 
artery disease. In addition, restenosis of the dilated 
segment is seen in 20% to 30% of patients treated 
with PTCA.‘ . 

As the potential limitations of balloon angioplasty 
become more apparent, interest has increased in 
alternate methods of angioplasty. Laser angioplasty 
has been used in both thrombotic’ and atheroscle- 
rotic®” arterial disease but has resulted in high rates 
of vessel perforation. In this article, we present our 
results after using a rotating mechanical angioplasty 
device in narrowed atherosclerotic rabbit vessels. 
This device removes atherosclerotic material 
through the abrasive action of its rotating tip. 
Rotational atherectomy offers a new approach to the 
treatment of blocked arteries and may complement 
balloon dilation in the treatment of atherosclerotic 
disease. 


METHODOLOGY 


Description of the atherectomy device. The rota- 
tional atherectomy device (Fig. 1) consists of a 
variable-sized (1.0, 1.3, or 1.5 mm diameter), rotat- 
ing abrasive tip with a 0.005-inch stainless steel, 
central guidewire. A 0.014-inch diameter, 2 cm long, 
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flexible tip is attached to the end of the guidewire. 
The nickle-plated rotating abrasive tip is embedded 
with 40 micron diameter diamonds. The central 
guidewire and abrasive tip can be advanced inde- 
pendently, which allows the guidewire to be placed 
into position first and serve to direct the rotating 
abrasive tip safely through the diseased artery. The 
steerable guidewire can be manually rotated during 
advancement but does not rotate with the abrasive 
tip during atherectomy. The abrasive tip is powered 
by an air turbine with a helical drive system that 
rotates at speeds exceeding 150,000 rpm. 
Atherosclerotic lesion generation. New Zealand 
white rabbits were fed a diet supplemented with 2% 
cholesterol for 10 weeks. After the first two weeks of 
the diet, a 3 French Fogarty balloon was used to 
perform endothelial denudation on one or both 
external iliac arteries via femoral cutdowns. After 8 
additional weeks of the diet, contrast angiography 
was performed in the iliac arteries from a carotid 
approach by means of a 5 French sheath and 35 mm 
cineangiography. Thirteen arterial segments in 13 
separate animals were visually estimated to have 
greater than 60% diameter narrowing in a treated 
artery, and these animals constitute the in vivo 
study group. The atherosclerotic aortas from four of 
these animals were treated with the device in vitro. 
The particles produced by the device were collected 
and analyzed by Coulter techniques by means of a 
FACS analyzer (Becton Dickinson, Mountainview, 


Calif.) as will be described. 


In vivo atherectomy protocol. The study animals 
underwent endotracheal intubation and were 
mechanically ventilated while receiving 2% halo- 
thane anesthesia. They were pretreated with 1000 U 
of heparin and 80 yg of intra-aortic nitroglycerin 
before baseline angiography. The rotational atherec- 
tomy device was inserted via the same 5 French 
sheath used for the baseline angiogram. After the 


. device was positioned at the bifurcation of the aorta, 


the steerable guidewire was advanced flouroscopi- 
cally through the narrowed segment and into the 
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Fig. 1. Rotational atherectomy device. Abrasive tip (1.25 mm diameter) is rotated on a Teflon-coated 
helical drive shaft. A steerable 0.005-inch central guidewire wire is equipped with a 0.014-inch flexible 


tip. 
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Fig. 2. Contrast angiograms. Left, Pretreatment angiogram. Right, Posttreatment angiogram. Arrows 
indicate proximal and distal limits of atherectomy treatment. 


distal vessel. The abrasive tip was then positioned at 
the proximal portion of the lesion to be treated. An 
attempt was made in three rabbits to traverse the 
lesion with the nonrotating abrasive tip. However, 
the device could not be advanced across the lesion 
manually without rotation in any of these animals. 
Rotation was then begun at 150,000 rpm, and with a 
flouroscopic guidance, the rotating tip was gradually 
advanced manually through the narrowed segment 
at a rate of advancement of 2 mm/sec. The rate of 
advancement was slowed if rotation speed fell below 
150,000 rpm. A radiograph was obtained to mark the 
distal extent of travel of the cutting tip. The rotating 
device was then withdrawn to the starting point. 
Follow-up angiography was then performed. If sig- 
nificant narrowing of the lumen persisted, atherec- 
tomy was repeated with a slightly larger abrasive tip. 
The process was continued until the vessel lumen 
approached normal size or until a complication 
occurred. After the final angiogram, the animals 
were killed, and their treated arteries were fixed in 
formalin and examined histologically. Because the 
treated arteries were not fixed under pressure, per- 
cent diameter stenosis could not be determined from 
histologic sections in this study. 

Percent diameter stenosis in the treated artery 


was visually estimated from contrast angiograms 
(Fig. 2) before and after atherectomy. Final diame- 
ter stenosis was determined by the average of the 
estimates of two experienced angiographers. The 
observers were not blinded to the treatment status 
of the arteries. 

In vitro particle sizing. Four atherosclerotic rabbit 
aortas were subjected to in vitro atherectomy. A 3 to 
5 cm segment of diseased aorta was removed from 
the animal and canulated with an 8 French intro- 
ducer. The atherectomy device was then rotated at 
150,000 rpm within the excised artery during contin- 
uous saline perfusion of the vessel. The saline 
perfusate was collected and examined visually for 
macroscopic particulate material. Particles were 
sized and counted with a FACS analyzer (Becton 
Dickinson). Standard-sized beads (10 and 14 um 
were analyzed for comparison. Particle size histo- 
grams were generated. Based on this analysis, calcu- 
lation of the percentage of particles >10 um in size 
was made. 


OBSERVATIONS 


Thirteen rabbits developed lesions with >60% 
diameter narrowing and constituted the study 
group. In several animals, the arterial lesions were 
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Fig. 3. Percent diameter stenosis before and after atherectomy. Pretreatment percent diameter stenosis 
averaged 81% + 9%. After atherectomy the residual stenosis was 38% + 22% (p < .001). 





Fig. 4. Histologic examination after atherectomy. The new lumen is smooth walled and circular. 
Diseased intima is largely removed. Only fragments of internal elastic lamina remain. 


sufficiently narrowed to prevent passage of the 
nonrotating atherectomy catheter. With powered 
rotation, an average of 1.7 + 0.9 rotational atherec- 
tomy passes (range, one to four passes) was per- 
formed in each animal. When more than one pass 
was performed, the size of the rotating burr was 
increased with each pass. Before treatment, the 
mean percent diameter narrowing (Fig. 3) was 
81% + 9%. After atherectomy, significant overall 


improvement was seen in luminal diameter in the 
study group with a mean residual stenosis of 38% + 
22% (p < 0.001, paired t test). 

Eleven of the 13 treated arteries showed improve- 
ment after atherectomy. Two complications 
occurred. One artery demonstrated improvement in 
the treated lesion but perforation distally because of 
excessive guidewire manipulation. One perforation 
occurred in the treated artery after use of a rotating 
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burr that was too large for the vessel. This resulted 
in wrapping the artery about the rotating device and 
gave the radiographic appearance of vessel occlu- 
sion. 

In five of the 13 animals, intense spasm was seen 
angiographically in vessels distal to the treated 
segment. The spasm appeared after placement of 
the device and its guidewire and was not always 
temporally related to rotation of the tip within the 
diseased vessel. 

Histologic examination was performed in six 
arteries after treatment with the atherectomy device 
and in three untreated control arteries taken from 
cholesterol-treated animals. Histologic sections tak- 
en from untreated atheromatous arteries demon- 
strated circumferential intimal thickening with 
extensive lipid deposits and near occlusion of many 
of the non-pressure-fixed arteries. Sections taken 
from arteries treated with the rotational device 
showed a smooth-walled, patent lumen, with near 
total absence of endothelium and variable portions 
of the atheromatous intima also missing. The inter- 
nal elastic lamina was disrupted in some specimens 
(Fig. 4), but medial injury was usually absent. When 
medial damage was present, it was evidenced by loss 
of the innermost layers of smooth muscle cells. 
Intimal splits and medial dissection were not seen. 

In vitro analysis was performed on the particles 
produced by the atherectomy device when run in 
four saline-perfused, atherosclerotic rabbit aortas. 
The effluent produced during saline solution perfu- 
sion was turbid in appearance, with rare macroscop- 
ic particles visible. Large debris fragments capable 
of embolizing moderate-sized arterioles were not 
seen. Particles were examined by Coulter analysis 
with a FACS analyzer. Two standard-sized beads 
(10 and 14 um) were included for comparison. In the 
four samples studied, between 1.5% and 2% of 
particles generated by the device were >10 um in 
size, and the average particle size was <5 ums. 


COMMENTS 


We have used a new, abrasive-tipped, rotational 
atherectomy catheter (Fig. 1) in 13 atherosclerotic 
rabbit iliac vessels. Treatment with the device 
resulted in significant improvement in percent 
diameter stenosis from 81% + 9% to 38% + 22% 
(p < 0.001). Three attempts were made to pass the 
same device in a nonrotating mode. All three of 
these attempts were unsuccessful, the implication of 
which is that rotation is essential for advancement 
into the lesion and removal of intraluminal material. 
In most rabbits, improvement in lumen size was 
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achieved with the use of multiple passes with a 
stepwise increase in the size of the rotating burr. 
The system is easily manipulated and introduced 
with standard angioplasty guiding equipment. 

Two of the 13 attempts at atherectomy were 
complicated by vessel perforation. One perforation 
resulted from excessive guidewire manipulation in a 
distal vessel and would have been avoidable with a 
more flexible guidewire. The other perforation 
resulted when an oversized abrasive tip was used. 
Rapid advancement of the oversized tip resulted in 
wrapping the vessel about the drive shaft and the 
angiographic appearance of vessel occlusion. This 
perforation would have been avoided by using a 
smaller burr and taking care to maintain adequate 
rotation speed. Thus we feel that perforations can be 
avoided with improved guidewire design and 
increased operator experience. 

In five of 13 atherectomies, the treated segment 
was angiographically improved by atherectomy, but 
severe narrowing developed in distal vessels. This 
apparent vasospasm was often seen after passage of 
the guidewire alone and before actual rotation of the 
abrasive tip. Intense distal vasospasm is not unique 
to our study. Similar spasm has been reported by 
LeVeen et al.* in rabbits treated with balloon angio- 
plasty. 

Histologically, the arterial lumen resulting from 
rotational atherectomy was smooth walled and cir- 
cular. The endothelium and variable portions of the 
atheromatous intima were missing. In some cases, 
only small sections of internal elastic lamina 
remained. Damage to the media was minor and was 
not seen in most cases. We did not observe intimal 
splits or medial dissection in vessels treated with the 
rotating device. By comparison, published reports of 
histologic specimens obtained after successful bal- 
loon dilation have shown splits through the intima 
to the media and circumferential medial dissec- 
tions.” This mechanism of splitting and dissection 
of the vessel after balloon angioplasty is supported 
by the frequent radiographic appearance of vessel 
“dissection.” Vessel dissection produced by balloon 
angioplasty is a result of the transmural stretch 
injury induced during balloon inflation. When seen 
on radiographic examination, vessel dissection is 
associated with a sixfold increase in complications 
after PTCA.’ Not surprisingly, neither radiographic 
nor histologic dissections were seen after rotational 
atherectomy. Portions of diseased intima were sim- 
ply removed, leaving the remainder of the artery 
uninjured. 

Since our device removes atheroma by creating 
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small particles that then travel down stream, the 
size and nature of the debris are of some concern. 
Although balloon angioplasty does not of necessity 
produce similar debris, downstream embolization of 
plaque fragments large enough to occlude arteries 
has been observed with little clinical conse- 
quence.” Particles generated with our device in 
vitro in saline-perfused aortas were analyzed. 
Although the rabbit aortas used in vitro were larger 
than the iliac vessels used during in vivo testing, the 
particles produced were probably similar, since rota- 
tion speed and diamond grit were held constant. The 
suspended particles produced in vitro caused the 
saline solution perfusate collected distal to the 
device to appear turbid. Relatively few macroscopic 
particles were seen, and large fragments capable of 
embolizing moderate-sized arterioles were not 
appreciated. Particle samples were counted and 
sized with a FACS analyzer. When analyzed in this 
manner, less than 2% of particles were larger than 
10 wm. The average diameter of the particles was <5 
um. These particles are presumably small enough to 
pass through a system of capillaries and be removed 
by the reticuloendothelial system of the liver and 
spleen. This conclusion remains tentative, however, 
until behavior of these particles is investigated in 
vivo. 

Laser angioplasty devices have been tested in the 
same rabbit model used here.* * Unprotected lasers 
produce more vessel perforations than were seen 
with our mechanical device, whereas a laser-driven 
heat probe has produced a slightly lower rate of 
vessel perforation.” Laser-induced vessel perfora- 
tions have also been seen in other models.*” * Perfo- 
rations are more frequent in the presence of vessel 
calcium, tortuosity, and branch points.’ 

Our mechanical atherectomy device is easy to use, 
and unlike lasers, does not produce significant heat. 
The rotating tip is advanced over a steerable guide- 
wire, which serves to keep the cutting tip within the 
lumen of the vessel and minimizes the risk of 
perforation. Since the abrasive tips can be manufac- 
tured in various sizes, it is possible to match burr 
size with the caliber of the artery being treated in a 
manner similar to the selection of balloon size 
during conventional coronary balloon angioplasty. 

The rabbit model of atherosclerosis produces sub- 
stantial vascular obstruction through lipid accumu- 
lation in the vessel wall. The lesions are soft, and 
there is little calcification. Firm, calcifed lesions may 
be a better target for a mechanical cutting device 
and offer a potential for preferential cutting of the 
lesion, with sparing of the normal arterial wall. Soft 
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tissue, such as the normal arterial wall, is stretched 
and pushed aside by the advancing tip. Firm, calci- 
fied tissue, which is more difficult to stretch and 
push aside, is subject more to the cutting action of 
the advancing abrasive tip. This property of prefer- 
ential cutting of firm, calcified material may provide 
some protection to the normal arterial wall and is 
distinctly different from conventional laser systems 
in which calcium has been more difficult to vaporize 
than arterial wall. 1€ Calcium accounts for as much 
as one third of perforations seen during laser angio- 
plasty.” Balloon angioplasty has also been less suc- 
cessful in calcified lesions.” The rotational 
approach appears particularly attractive for calci- 
fied, firm atheroscerotic lesions. 

Unlike balloon angioplasty, which works by 
stretching the arterial wall, the rotational device 
cuts and removes tissue to generate an expanded 
arterial lumen. Balloon angioplasty depends on radi- 
al expansion of the diseased artery. Radial expan- 
sion of the lumen results in intimal splits and medial 
dissections.* © When dissection is recognized radio- 
graphically, vessel closure and its associated mor- 
bidity are more frequent.” " 

Although conventional balloon angioplasty is usu- 
ally effective and safe, very tight and calcified 
lesions are more difficult to dilate and are associated 
with a higher incidence of early complications? and 
late restenosis." In the future, lesions with a large 
and calcified atheromatous mass may be better 
treated with an angioplasty device that is capable of 
removing the atheroma. 

The eventual clinical role of this new angioplasty 
device is uncertain. It has yet to be tested in 
tortuous vessels with eccentric, calcified lesions. 
Unprotected laser angioplasty was also very success- 
ful in early, nonclinical trials. However, when used 
in tortuous human’ and animal" coronary arteries, 
such lasers have resulted in high rates of vessel 
perforation. 

In conclusion, we have successfully used a rotat- 
ing, abrasive-tipped atherectomy device to treat 13 
stenotic, atherosclerotic, rabbit iliac arteries. The 
procedure was complicated by vessel perforation in 
two cases. We feel that perforations will be avoid- 
able with increased operator experience and 
improvements in system design. The particles pro- 
duced by the device are small and probably pass 
through the capillary bed. Investigation into the fate 
of these particles is not yet complete. The future 
clinical role of this device in human coronary artery 
disease will depend on its performance in models of 
tortuous and calcified vessels. 
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SUMMARY 


PTCA is not technically possible in many patients 
with symptoms of coronary artery disease. In addi- 
tion, atheroma is not physically removed by PTCA, 
and restenosis of the treated vessel is common. We 
have tested a new, rotating, abrasive-tipped angio- 
plasty device in vivo in 13 atherosclerotic rabbit iliac 
vessels. 

Atherosclerosis was generated in rabbit iliac ves- 
sels by a 2% cholesterol diet combined with balloon 
endothelial injury for 10 weeks. The diseased vessels 
were then treated with the rotational atherectomy 
device. Before treatment, contrast angiograms dem- 
onstrated that initial percent diameter stenosis was 
81% + 9%. After atherectomy, there was signifi- 
cant improvement, with residual 38% + 22% nar- 
rowing (p < 0.001). One perforation resulted from 
distal guidewire manipulation, and one vessel was 
occluded by the device. Histologic examination 
demonstrated loss of portions of the diseased intima 
in all cases. Particles were produced for analysis in 
vitro by operating the atherectomy device in athero- 
sclerotic rabbit aortas perfused with saline solution. 
Ninety-eight percent of the particles produced by 
the device were <10 um in diameter. We conclude 
that this new rotational device can remove athero- 
matous material from diseased arteries in rabbits. 
Such a device may complement other angioplasty 
techniques and lead to wider application of cathe- 
ter-based therapeutic interventions. 
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Segmental evaluation of left ventricular wall 
motion after myocardial infarction: Magnetic 
resonance imaging versus echocardiography 
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Patient prognosis after a myocardial infarction (MI) 
has been shown to be closely related to the extent of 
myocardial necrosis! and the degree of contractile 
dysfunction? in the left ventricle. The importance of 
quantitating segmental dysfunction lies in the 
assumption that asynergy in regions coinciding with, 
adjacent to, and remote from the MI region influ- 
ences overall clinical outcome. Accordingly, the 
development of reliable imaging modalities for eval- 
uating segmental left ventricular (LV) wall motion 
after MI will be useful for risk stratification and for 
the selection and monitoring of therapies. Ideally, 
such modalities should be noninvasive, easily 
repeatable, and indicative of wall motion in both MI 
and non-MI regions. 

Two-dimensional echocardiography (2DE) has 
become a well-established and widely used noninva- 
sive imaging modality for evaluating segmental LV 
wall motion early and late after MI.** Included in its 
attributes are its noninvasiveness and risk-free 
nature, its capacity to image the left ventricle in 
numerous short- and long-axis projections; its abili- 
ty to demonstrate overall LV function and regional 
systolic wall thickening in real-time, and its easy 
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repeatability and portability. However, optimal 
image acquisition is dependent on both the skill of 
the operator and the presence of an adequate echo- 
cardiographic window that is unimpeded by bone or 
lung tissue. 

In recent years, ECG-gated magnetic resonance 
(MR) imaging has been developed, and its value for 
the evaluation of anatomic abnormalities related to 
either a recent”? or remote’ MI has been demon- 
strated. In addition, the potential for assessment of 
global LV function by MR imaging in various condi- 
tions, including MI, has been indicated by direct 
comparison with contrast ventriculography.’ * 
However, the reported experience with the use of 
MR imaging for the evaluation of segmental wall 
motion abnormalities after MI has been merely 
descriptive, and available 2DE or ventriculographic 
information has been used only to confirm the 
location of the MI.'*"* The present study objectively 
assesses the relative value of both MR imaging and 
2DE for the noninvasive, semiquantitative evalua- 
tion of segmental wall motion abnormalities and 
overall impairment of LV function after MI. This 
goal was accomplished by means of a side-by-side 
direct comparison between point scores for segmen- 
tal wall motion derived from blindly interpreted 
concurrent MR and 2DE examinations in patients 
with a history of MI. 


METHODOLOGY 


Study population. In this prospective study (April 
19, 1985, to September 9, 1986), 17 patients (mean 
age 61 years, range 29 to 76 years; 65% male) 
concurrently underwent both MR imaging and 2DE 
for evaluation of segmental wall motion abnormali- 
ties after MI. Before this evaluation, informed con- 
sent was obtained from each patient as part of the 
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clinical protocol previously approved by the institu- 
tional Committee on Human Research. Thirteen of 
the 17 patients in this study were included in a 
preliminary study that assessed the efficacy of 
multiphasic MR imaging in the evaluation of LV 
function in the setting of a variety of cardiac dis- 
eases. 

Fifteen patients had histories of a single previous 
MI that was acute (up to 2 weeks old; 11 patients), 
subacute (from 2 weeks up to 1 month old; two 
patients), or chronic (more than 1 month old; two 
patients) at the time of this evaluation. Of the 11 
patients with a single previous MI who were evalu- 
ated in the acute stage, four subsequently under- 
went repeat MR and 2DE examinations in the 
subacute stage, and three of these patients were 
once again examined by both modalities in the 
chronic stage. The remaining two patients each had 
a history of two previous MIs (1 patient with two 
chronic MIs and one patient with one acute and one 
chronic MI). Consequently, a total of 24 pairs of MR 
and 2DE examinations were performed in the set- 
ting of previous MI. Because of the poor quality of 
the MR examination results in one patient and the 
2DE results in another, 22 pairs ultimately consti- 
tuted the study population for the desired compari- 
son between MR and 2DE results. The period 
between the performance of these MR and 2DE 
examinations ranged from 0 to 14 days (mean = 4 
days). 

In 12 of the 17 patients, biplane-contrast (seven 
patients) or radionuclide (multiple-gated blood 
pool; five patients) forms of left ventriculography, 
supplying determinations of ejection fraction (EF), 
were also performed concurrently with MR imaging 
and 2DE in 12 of the 17 patients. The periods 
between such determinations of EF and both MR 
and 2DE examinations ranged from 0 to 10 days 
(mean = 5 days) and from 0 to 12 days (mean = 4 
days), respectively. 

Imaging techniques 

MR imaging. Transaxial, ECG-gated MR imaging 
was performed on a superconducting system operat- 
ing at 0.35 Tesla (MT/S, Diasonics, Milpitas, 
Calif.)."’ All 24 MR examinations used a multiphasic 
approach in combination with either a multilevel 
(five or six sequential levels), double-spin, echo 
(Echo Times or TEs = 30 and 60 msec) technique 
(n = 22) or a multilevel (ten levels), single-spin echo 
(TE = 30 msec) technique (n = 2).!8 In all examina- 
tions, five or six levels (10 or 11 mm thickness) were 
necessary to image the left ventricle from base to 
apex. The required imaging time ranged from 45 to 
90 minutes, depending on heart rate. 
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Fig. 1. Segmental description of left ventricle. Eleven 
segments describing left ventricle were delineated by 
division of its long axis into equal thirds and then 
circumferential division of both basal and middle thirds 
into anterior (Ant), lateral (Lat), posterior (Post), Poste- 
roseptal (PSept), and anteroseptal (ASept) segments. 
Location of middle-posterior segment and undersurface of 
apex segment close to diaphragm [shaded] are shown. 
PPM, posterior papillary muscle. 


In a multiphasic examination, each anatomic level 
of the left ventricle is represented in the same set of 
evenly dispersed phases of the cardiac cycle (e.g., 
five or six phases separated by 50 msec for a 
single-spin echo sequence and by 100 msec for a 
double-spin echo sequence). This is accomplished by 
executing the normal multilevel, ECG-gated imag- 
ing sequence as many times as there are levels, but 
with rotation of the temporal order in which the 
levels are imaged. Thus, if the order of levels in the 
initial pulse sequence is 1-2-3-4-5-6, the order in the 
second sequence would then be 2-3-4-5-6-1, followed 
by 3-4-5-6-1-2 for the third sequence, and so on. At 
the end of this multiphasic sequence, static images 
of each of the five or six anatomic levels at each of 
the five or six phases of the cardiac cycle have been 
acquired. Generally, two or three images at each 
level from a multiphasic examination corresond to 
diastole and three images to systole. End diastole 
and end systole are then identified by the largest 
and smallest LV chamber dimensions, respectively. 
Because of their superior anatomic detail secondary 
to extensive signal void within the LV chamber, 
first-echo rather than second-echo images were 
always used in the interpretation of MR examina- 
tion results. 

Two-dimensional echocardiography. Evaluation 
of the left ventricle by 2DE included standard 
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Fig. 2. Oblique imaging of left ventricle and its segments by means of orthogonal-transaxial MR plane. 
A, Two most cranial MR levels show completely anterior (Ant) and anteroseptal (ASept) segments, and 
partially lateral (Lat) and posteroseptal (PSept) segments, in basal third of left ventricle. Basal-posterior 
segment is completely displayed along with remainder of basal-lateral and basal-posteroseptal segments 
on third and fourth MR levels, which simultaneously demonstrate completely middle-anterior and 
middle-anteroseptal segments. Fifth and possibly a sixth MR level demonstrate apex segment, with the 
exception of its undersurface which, like middle-posterior segment, is obscured by adjacent diaphragm 
[shaded]. These guidelines are depicted in three subsequent MR images representing levels 1, 3, and 5 of 
left ventricle with acute anterior MI. Approximate boundaries for LV segments are indicated. B, Image 
representing level 1; basal-anterior (ANT) segment is quite visible. Portions of anteroseptal, posterosep- 
tal, and lateral segments in basal third [unlabeled] are also shown. However, basal-posterior segment, 
which is located below mitral valve (MV), is not visualized. C, Image representing level 3 shows 
middle-anterior (ANT) and basal-posterior (POST) segments simultaneously. Remaining portions of 
other segments [unlabeled] are shown closer to middle third if they are relatively more anterior in their 
location (e.g., anteroseptal segment and anterior region of lateral segment) or closer to basal third for those 
relatively more posterior in location (e.g., posteroseptal segment and posterior region of lateral segment). 
D, Image representing MR level 5 shows poorly defined apex segment. Undersurface of Apex is obscured 
by diaphragm because of volume averaging, as is middle-posterior segment. 





parasternal, apical, and subcostal views obtained by 
means of a variety of clinically appropriate trans- 
ducers.'® 

Ventriculography. Contrast ventriculography was 
performed by means of a standard biplane angio- 


graphic procedure.” After contrast injection, the left 
ventricle was simultaneously visualized in the right 
(30-degree) and left (60-degree) anterior oblique 
projections. The end-diastolic and end-systolic 
endocardial borders of the left ventricle in both 
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projections were manually outlined by means of 
digitized planimetry, and the EF was then calcu- 
lated by computer according to the method of the 
Simpson.” 

After a standard procedure,? multiple gated 
radionuclide examinations were performed after in 
vitro tagging of red blood cells with technetium 99m. 
Imaging was done in anterior, “best septal,” and left 
(45-degree) anterior oblique projections. Areas of 
interest from end diastole, end systole, and a back- 
ground region were determined by means of an 
automatic edge detection program, and a computer- 
ized calculation of the EF was then derived. 

Segmental evaluation of LV wall motion. To mini- 
mize confusion related to variations in description of 
LV anatomy, a segmental subdivision (Fig. 1) was 
proposed for the interpretation of both MR and 
2DE examinations. This segmental description, 
resembling an established five-unit pathologic 
description,” consisted of a total of 11 segments 
delineated by division of the long-axis of the left 
ventricle into equal thirds (i.e., basal, middle, and 
apical), and then the circumferential division of 
both the basal and middle thirds into the same five 
segments (i.e., anterior, lateral, posterior, postero- 
septal, and anteroseptal which total 10 segments). 
The remaining component, representing the entire 
apical third, accounted for an eleventh segment (i.e., 
apex segment). 

The segments regarded as being representative of 
the three coronary artery distributions were as 
follows: anterior and anteroseptal segments in both 
the basal and middle thirds and the apex segment 
for the left anterior descending (LAD) distribution 
(five segments); basal-lateral and middle-lateral seg- 
ments for the left circumflex (LCx) distribution (two 
segments); and posterior and posteroseptal seg- 
ments in both the basal and middle thirds for the 
right coronary artery (RCA) distribution (four seg- 
ments). This distribution assignment was predi- 
cated on a dominant RCA system. Although some 
patients may have had LCx dominance, this fact was 
not relevant to the comparison between MR imaging 
and 2DE in this study. 

Because MR imaging was performed in a plane 
(i.e., transaxial) that was orthogonal (i.e., relative to 
the long axis of the body), images were obtained that 
were oblique to the intrinsic axes of the left ventri- 
cle. In spite of this potential confounding factor in 
segmental scoring by MR examinations, a consistent 
imaging pattern was noted that facilitated their 
interpretation (Fig. 2). It was found that at the two 
most cranial levels of the left ventricle, MR imaging 
demonstrated completely the anterior and antero- 
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septal segments and partially the lateral and poste- 
roseptal segments in the basal third. Posteriorly on 
these images, regions of the mitral valve were visu- 
alized, but the basal-posterior segment was not 
displayed. However, the third and fourth levels 
demonstrated completely the basal-posterior seg- 
ment and the remaining caudal portions of the 
basal-lateral and _ basal-posteroseptal segments. 
Simultaneously, the anterior and anteroseptal seg- 
ments were completely, and the lateral and postero- 
septal segments partially, demonstrated in the mid- 
dle third. The tangential nature of the imaging plane 
to the posterior LV region and this region’s close 
proximity to the diaphragm resulted in obscuring of 
the middle-posterior segment on the fifth and possi- 
bly sixth MR images; thus, this segment could not be 
adequately evaluated. At these same levels, however, 
the majority of the apex segment was demonstrated, 
with the exception of its undersurface which was 
also obscured. 

By means of this segmental description, images 
from all MR examinations (multiphasic, single-spin 
echo static images) (Fig. 3) and all 2DE examina- 
tions (real-time images) were separately interpreted 
blindly by two panels of observers (MR by R. D. W. 
and C. B. H.; 2DE by M. M. C. and M. D. C.). 
Determinations of EF from biplane-contrast ven- 
triculograms were made blindly by another observer 
(T. A. P.). Computer-derived determinations of EF 
from radionuclide ventriculograms were also mutu- 
ally confirmed by other blinded observers (A. D. L. 
and E. H. B.). When results of MR, 2DE, or 
ventriculographic examinations were analyzed, the 
observers had no knowledge of either the number, 
age, or location of the MIs or the results of other 
examinations. 

Regardless of the number of times that a LV 
segment was visualized in a particular examination, 
only one score for wall motion was derived per 
segment. By this scoring system, the following num- 
ber of points could be assigned to a segment: 
2=normal contractility, 1 = hypokinesia (i.e., 
reduction in both systolic wall thickening and 
inward motion of the endocardium); 0 = akinesia 
(i.e., no systolic wall thickening even though slight 
passive inward endocardial motion might remain), 
and —1 = dyskinesia (i.e., paradoxic outward move- 
ment of the entire myocardial wall with absent 
thickening or even thinning during systole). Because 
of difficulties in defining hyperkinesia, as well as 
differentiating it from normally thickening myocar- 
dium, no score of more than two points for hyperki- 
netic-appearing segments was assigned during inter- 
pretation of either MR or 2DE results. 
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Fig. 3. Assessment of segmental LV wall motion abnormalities after MI on multiphasic MR images. 
From diastolic (above) and systolic (below) images of the same anatomic level of left ventricle, segmental 
wall motion can be graded for MI located in three primary coronary artery distributions, based on visual 
assessment of systolic wall thickening and inward endocardial motion. A, MI in LAD distribution. Marked 
wall thinning is noted in anterior and anteroseptal segments of middle third. From diastole to systole, 
there is no evidence of wall thickening in anterior segment [arrowheads], which does not appear to move 
inward (score = 0 points for akinesia). Anteroseptal segment demonstrates evidence of mild thickening 
and inward movement (score = 1 point for severe hypokinesia). Lateral and posterior segments demon- 
strate normal wall motion (score = 2 points for normal contractility). B, MI in LCx distribution. MI in 
distribution of dominant LCx artery shows widespread contractile dysfunction in lateral, posterior, and 
posteroseptal segments (arrowheads). Evidence of wall thickening and inward motion is virtually absent 
in basal-posterior segment (score = 0 points). Mild thickening and inward motion are noted in lateral and 
posteroseptal segments of basal third to middle third (score = 1 point). Appearance of anterior and 
anteroseptal segments in middle third indicates relatively normal contractility (score = 2 points). C, MI in 
RCA distribution. Focal akinesia (score = 0 points), with absent wall thickening and inward motion, is 
noted in basal-posterior segment (arrowheads). There is slight extension of this process into posterior 
aspect of lateral segment, which demonstrates overall normal contractility (score = 2 points). Majority of 
posteroseptal segment in basal to middle third demonstrates hypokinesia (score = 1 point). Remaining 
segments demonstrate normal contractility (score = 2 points). 
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Table |. Interobserver variability* in scoring each segment 
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Long-axis divisions 





Circumferential divisions Basal third 


Anterior MR 0.72 (1 x 6) 

2DE 0.384(1 x 4, 2 x 1) 
Anteroseptal MR 0.66 (1 X 7, 2 x 1) 

2DE 0.73 (1 x 4, 2x 1) 
Posteroseptal MR 0.57 (1 X 6, 2 X 2) 

2DE 0.517(1 X 9, 2 x 1) 
Posterior MR 0.68 (1 X 7) 

2DE 0.334(1 X 6, 2 x 5) 
Lateral MR 0.74 (1 x 5) 

2DE 0.48 (1 X 2,2 x 1) 
Apex MR DNA 

2DE DNA 





Middle third Apical third 


0.75 (1 x 5, 2X1) DNA 
0.58 (1 X 6, 2 x 2) DNA 
0.69 (1 X 7) DNA 
0.74 (1 xX 4, 2X 1) DNA 
0.61 (1 X 7, 2 x 1) DNA 
0.61 (1 X 8, 2 X 1) DNA 
NE DNA 
0.487 (1 X 12, 2 x 2) DNA 
0.70 (1 x6) DNA 
0.77 (1 X 3) DNA 
DNA 0.70 (1 x 7, 2 x 1) 
DNA 0.72 (1 x 5, 2 x 3, 3 x 1) 





DNA = Does not apply; NE = not evaluated by MR imaging. 


*Expressed as contingency coefficient at p < 0.05 or tp= 0.05 (no. of points difference between scores from two observers X no. of times this difference 


occurred). 


Analysis of data. Segmental scoring of wall motion 
from MR examinations was initially performed sep- 
arately by each observer on the MR panel; likewise, 
2DE examinations were performed by each observer 
on the 2DE panel. A joint scoring of MR and 2DE 
examination results, in which scores for segmental 
wall motion were based on general consensus, was 
then performed independently by the MR and 2DE 
panels, respectively. 

Interobserver variability in scoring wall motion in 
each segment by both MR imaging and 2DE was 
assessed by calculation of a contingency coefficient 
(C), which is a useful measure of the relationship 
between two sets of attributes, each described by 
categoric (nominal scale) information.” Similar to a 
correlation coefficient (r), C approaches zero as a 
relationship weakens and increases with the 
strengthening of a relationship. Unlike r, however, 
the upper limit of C is not always 1.00 but rather it is 
a function of the number of categories (i.e., higher 
upper limit with larger number of categories). Con- 
sequently, two C values are not directly comparable 
unless they are derived from contingency tables of 
the same size. As an additional indicator of interob- 
server variability, the number of times that the two 
scores for the same segment varied by one, two, or 
three points was recorded. Panel scores for MR 
examinations were then similarly compared segment 
by segment with those from concurrent 2DE exami- 
nations. 

Finally, panel scores for all segments in each MR 
or 2DE examination were totaled and used to derive 
a semiquantitative estimate of global residual wall 
motion. This measure, referred to as a “score quo- 


tient” (SQ), was calculated as follows: (accumulated 
points + [number of segments scored X 2 possible 
points/segment]). The middle-posterior segment 
could not be adequately evaluated by MR imaging; 
thus, the SQ from MR imaging was based on 10 
rather than 11 segments (ie., accumulated 
points + 20 total possible points). Because the SQ 
for 2DE calculated with the use of all 11 visualized 
segments (i.e., accumulated points + 22 total possi- 
ble points) and that calculated with the use of the 
same 10 segments evaluated by MR imaging (i.e., 
middle-posterior segment excluded) were nearly 
identical (r = 0.99, p < 0.01), the 10-segment 2DE 
SQ was used in the comparison with the MR SQ. By 
means of linear regression analysis, the overall cor- 
relation between the MR SQ and the 2DE SQ was 
assessed. Likewise, their correlation according to MI 
location defined by primary coronary artery distri- 
bution (i.e., LAD, LCx, and RCA) was also deter- 
mined. SQs for MR imaging and 2DE were then 
compared separately in a similar manner with the 
compiled EF values.” 


OBSERVATIONS 


Interobserver variability in scoring both MR and 
2DE examinations was considerable when the com- 
parison was performed on a segment-by-segment 
basis (Table I). However, there was significant 
(p < 0.05) interobserver agreement in all 10 seg- 
ments evaluated by MR imaging (i.e., middle-poste- 
rior segments excluded). For 2DE, the interobserver 
agreement was significant in 7 of the 11 LV seg- 
ments that were visualized. 

When the strength of the relationship between 
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Table Il. Comparison* between MR and 2DE scores in each segment 











Circumferential divisions Basal third 


Long-axis divisions 





Middle third Apical third 





Anterior 0.48ł(1 X 4, 2 X 11, 3 x 4) 
Anteroseptal 0:71 (1% 7,2 1) 
Posteroseptal 0.52t(1 x 7, 2 x 3) 
Posterior 0.63 (1 X 7) 

Lateral 0.307 (1 X 2, 2 X 14) 

Apex DNA 





DNA = Does not apply; NE = not evaluated by MR imaging. 


0.76 (1 X 2, 3 X 9) DNA 
0.67 (1 X 12, 2 x 7) DNA 
0.444(1 X 13, 2 X 2) DNA 

NE DNA 
0.477 (1 X 8, 2 X 1) DNA 


DNA 0.62 (1 X 15, 2 x 4) 


*Expressed as contingency coefficient at p < 0.05 or tp > 0.05 (no. of points difference between MR and 2DE scores X no. of times this difference 


occurred). 


Table Ill. Comparisons* between MR SQ and 2DE SQ and between both SQs and EF 





MI location by coronary distribution; 











Comparison Overall LAD LCx RCA 
MR SQ vs 2DE SQ 0.82 (n = 22) 0.86 (n = 10) NC (n = 8) 0.06{(n = 7) 
EF vs MR SQ 0.86 (n = 16) 0.96 (n = 7) NC (n= 0) 0.62i(n = 6) 
vs 2DE SQ 0.88 (n = 11) 0.90 (n = 6) NC (n= 0) 0.81 (n = 4) 








NC = Not calculable; SQ = score quotient (accumulated points + 20 total possible points). 


*Expressed as correlation coefficient (r), at p < 0.05 or tp = 0.05. 
+Analysis excludes two patients with history of two previous MIs. 


the MR and 2DE panel scores was considered in 
each segment (Table II), a significant relationship 
was demonstrated in 5 of the 10 LV segments 
mutually evaluated by MR imaging and 2DE. These 
included all but one segment (basal-anterior seg- 
ment) representing the left anterior descending dis- 
tribution. 

SQ values for MR imaging (n = 22) ranged from 
0.15 (total 3 points) to 1.00 (total 20 points) with a 
mean of 0.60 (total 12 points). For MR examinations 
performed in the setting of a single previous MI 
involving LAD (n = 10), LCx (n = 3), or RCA (n = 7) 
distributions, mean MR SQ values were 0.45 (range 
0.15 to 0.80), 0.60 (range 0.55 to 0.65), and 0.90 
(range 0.75 to 1.00), respectively. Values for 2DE 
SQs (n = 22) ranged from 0.25 (total 5 points) to 
1.00 (total 20 points) with a mean of 0.65 (total 13 
points). According to MI location, the mean 2DE SQ 
values were 0.55 (range 0.25 to 0.90), 0.80 (range 0.80 
to 0.85), and 0.85 (range 0.65 to 1.00) for LAD, LCx, 
and RCA distributions, respectively. 

The overall correlation between SQs for MR 
imaging and 2DE (Table III) was significant 
(r = 0.82, p < 0.05). When this relationship was con- 
sidered according to MI location, a strong correla- 
tion was found in the LAD distribution (r = 0.86, 
p < 0.05). However, a weak and insignificant rela- 


tionship was found in the RCA distribution 
(r = 0.06, p = 0.05). With only three pairs of MR 
and 2DE examination results available from one 
patient with a MI in the LCx distribution, which was 
evaluated in the acute, subacute, and chronic stages, 
the MR SQ and 2DE SQ data were too clustered to 
adequately test the relationship in this distribu- 
tion. 

Ventriculographic determinations of EF (n = 12) 
ranged from 19% to 57% with a mean of 38%. The 
mean EF values for patients with a single previous 
MI involving the LAD (n=7) and RCA (n= 4) 
distributions were 32% (range 19% to 48%) and 
53% (range 45% to 57%), respectively. 

When the MR SQ and the 2DE SQ were compared 
separately with EF (Table II), comparable correla- 
tions were noted (r = 0.86, p < 0.05 for MR SQ vs 
r = 0.88, p < 0.05 for 2DE SQ). However, their rela- 
tive strength differed according to MI location. MR 
SQ showed a relatively stronger correlation with EF 
for MIs in the LAD distribution (r = 0.96, p < 0.05 
for MR SQ vs r = 0.90, p < 0.05 for 2DE SQ). The 
relative strength was reversed in the RCA distribu- 
tion (r = 0.62, p = 0.05 for MR SQ vs r= 0.81, 
p < 0.05 for 2DE SQ). No EF data were available for 
assessment of this relationship in the LCx distribu- 
tion. 
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COMMENTS 


Impairment of systolic wall thickening has been 
shown to be a reliable indicator of segmental con- 
tractile dysfunction after a MI,®” and regional wall 
thinning on systolic images of the left ventricle has 
been found early after experimental occlusion of the 
supplying coronary artery.” ” The clinical and prog- 
nostic importance of evaluating segmental LV con- 
tractile dysfunction after a MI is well established.***” 
Accordingly, great effort has been expended in 
evaluating various imaging modalities for this pur- 
pose. Work along these lines has assessed standard 
single- or biplane-contrast ventriculography,**™ dig- 
ital subtraction ventriculography,* first-pass and 
multiple gated radionuclide ventriculography,” * 
M-mode and two-dimensional echocardiogra- 
phy,***" computed tomography,* and recently 
ECG-gated MR imaging.'*® 

The present study objectively compared the capa- 
bilities of multiphasic MR imaging and those of 2DE 
for evaluation of segmental LV wall motion in 
patients with a history of MI. The results of this 
work indicate a number of interesting points con- 
cerning both modalities. Regarding MR imaging, the 
following points were noted: (1) significant interob- 
server agreement in grading wall motion by MR 
imaging in all LV segments evaluated (excluding the 
middle-posterior segment); (2) substantial variabili- 
ty between individual MR segmental wall motion 
scores and those of 2DE, but significant agreement 
throughout most of the LAD distribution; and (3) 
moderately strong and significant correlations 
between MR SQ and both 2DE SQ and EF, both of 
which are much stronger in the LAD (p < 0.05) than 
in the RCA distribution (p= 0.05). The following 
points regarding 2DE were noted: (1) significant 
interobserver agreement in grading wall motion in 
the majority of LV segments; and (2) moderately 
strong and significant correlation between 2DE SQ 
and EF, which is only slightly better in the LAD 
than in the RCA distribution (p < 0.05 for both). 

By means of the same MR imaging techniques 
used in this study, the absolute value and the 
percentage of systolic wall thickening were assessed 
in normal subjects'** and in patients with a variety 
of cardiac diseases, including ischemic heart dis- 
ease." Patients with ischemic heart disease consis- 
tently showed decreased systolic wall thickening in 
ischemia-damaged regions compared to undamaged 
regions in the same patient or to LV wall in normal 
subjects. The theoretic limitation in measuring 
absolute systolic wall thickness on orthogonal-trans- 
axial MR images that results from their inherent 
obliquity relative to the left ventricle has been 
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emphasized.'*!*°“° To overcome this potential 
problem, electronic axial rotation of imaging planes 
has been developed for the production of true short- 
and long-axis images of the left ventricle.’* 1°“ * 
However, when such nonorthogonal imaging has 
been used in normal subjects and in patients with 
various cardiac conditions, the correlations between 
measurements of absolute LV wall thickness by MR 
imaging and those by 2DE“ have not been different 
from those in comparable studies that use orthogo- 
nal MR imaging.” In addition, MR values for wall 
thickness in MI regions relative to non-MI regions 
have not depended on whether or not axial rotation 
was used." Finally, it is important to realize that 
because the left ventricle is nonellipsoid,* there is 
unavoidable obliquity in imaging the left ventricle 
even when planes oriented to its intrinsic axes are 
used. Consequently, errors are likely to occur during 
assessment of the LV wall regardless of the imaging 
plane used. This limitation is also found in 2DE, 
because multiple tomographic short-axis views are 
typically imaged from a single recording position on 
the chest wall.“ 

Difficulties in evaluating the posterior region of 
the left ventricle by both MR imaging" and 
2DE* are recognized. The oblique imaging resulting 
from the orthogonal-transaxial MR technique is an 
obvious explanation for the regional deficiencies 
noted in this study with MR evaluation. It is clear 
that with this technique the posterior LV region is 
both tangentially imaged and obscured by the dia- 
phragm"™:*; in this study, it resulted in nonvisualiza- 
tion of the middle-posterior segment. Consequently, 
it is understandable why the full extent of segmental 
wall motion abnormalities related to a MI in the 
RCA distribution might be better appreciated by 
2DE because of its multiple views of this LV re- 
gion. 

The inability to confidently acquire true end- 
diastolic and end-systolic images’: is another 
potential source of error in grading segmental wall 
motion abnormalities by static MR images com- 
pared to real-time 2DE images. However, given that 
maximal systolic thickening normally occurs at dif- 
ferent times in different LV regions and that this 
variation is exaggerated in patients with ischemic 
heart disease,** “ this problem becomes less limiting. 
Use of the multiphasic MR approach to acquire 
images interspersed evenly throughout the cardiac 
cycle probably helps to minimize this problem. 

In conclusion, multiphasic MR imaging overall 
appears to be comparable to 2DE for assessment of 
segmental contractile dysfunction in the left ventri- 
cle after MI. However, when orthogonal transaxial 
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imaging alone is used, MR imaging is limited in its 
ability to evaluate the RCA distribution. In contrast 
is its strength in assessing the LAD distribution. 
With the advent of faster MR imaging techniques 
(e.g., cine MR“), along with axial rotation of the 
imaging planes, the inherent advantages of MR 
imaging over 2DE (e.g., superior border definition, 
unlimited field of view, and a three-dimensional 
reference frame) may justify its increased use for 
evaluation of segmental LV wall motion. 


SUMMARY 


To assess relative capabilities of magnetic reso- 
nance (MR) imaging and two-dimensional echocar- 
diography (2DE) for evaluating regional contractile 
dysfunction in the left ventricle after a myocardial 
infarction, results from 22 concurrent MR (orthogo- 
nal-transaxial, ECG-gated, multiphasic, single-spin 
echo) and 2DE examinations were compared. By 
means of the same 11-segment LV description, MR 
and 2DE examinations were independently scored 
segment by segment for residual wall motion (point 
scores: 2 = normal, 1 = hypokinesia, 0 = akinesia, 
and —1 = dyskinesia). Significant correlation be- 
tween MR and 2DE scoring was found throughout 
most of the left anterior descending (LAD) distribu- 
tion, but right coronary artery (RCA) distribution 
(i.e., middle-posterior segment not well seen) could 
not be fully evaluated by MR imaging. When cumu- 
lative scores for the 10 segments mutually evaluated 
were used to derive measures of global residual LV 
function (i.e., score quotient [SQ] = accumulated 
points + 20 total possible points), MR SQ correlated 
well overall with both 2DE SQ (r = 0.82; p < 0.05) 
and ejection fraction (EF) from ventriculography 
(r = 0.86, p < 0.05 vs r = 0.88, p < 0.05 for 2DE SQ 
compared with EF). MR evaluation of segmental 
wall motion was relatively stronger in the LAD 
distribution (MR SQ compared with 2DE SQ: 
r= 0.86, p<0.05; MR SQ compared with EF: 
r=0.96, p <0.05) than in the RCA distribution 
(r = 0.06, p = 0.05 and r = 0.62, p = 0.05, respec- 
tively). For 2DE, regional variations were not as 
evident (2DE SQ compared with EF: r= 0.90, 
p <0.05 for LAD and r = 0.81, p < 0.05 for RCA). 
For segmental evaluation of wall motion after myo- 
cardial infarction, MR imaging (transaxial, multi- 
phasic) appears to be comparable to 2DE overall but 
superior in LAD distribution and inferior in RCA 
distribution. 
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Combined percutaneous aortic 
valvuloplasty and coronary angioplasty 


Nidal Hamad, M.D., Augusto Pichard, M.D., 
Joseph Salomon, M.D., Elizabeth Ross, M.D., and 
Joseph Lindsay, Jr., M.D. Washington, D.C. 


Percutaneous coronary angioplasty (PTCA) is a widely 
accepted palliative procedure with low morbidity and 
mortality in selected patients.! Recently,’ percutaneous 
balloon valvuloplasty for acquired calcific aortic stenosis 
has been performed in elderly patients who are not 
surgical candidates, with good immediate results and a low 
complication rate. We describe a patient with critical 
aortic stenosis and coronary artery disease who underwent 
a successful concomitant PTCA and aortic balloon valvu- 
loplasty (ABV) during the same visit to the laboratory. 
An 80-year-old woman presented with a several-month 
history of exertional angina, orthopnea, and recurrent 
near syncope. Examination revealed a blood pressure of 
125/60 mm Hg and a heart rate of 80 bpm. The carotid 
upstroke was slow, the first heart sound was normal, the 
second heart sound was single, a 2/6 pansystolic murmur 
was heard at the apex, and a 3/6 systolic ejection murmur 
was heard at the left sternal border. An Echo-Doppler 
study revealed a heavily calcified trileaflet aortic valve 
and a transaortic valve gradient of 80 mm Hg, and no 
aortic regurgitation. The left ventricle was hypertrophic 
with normal function. Diagnostic cardiac catheterization 
was performed and it revealed a 99% proximal stenosis of 
a dominant right coronary artery, an aortic valve gradient 
of 80 mm Hg with a valve area of 0.35 cm’, and moderate 
mitral regurgitation. The results of the diagnostic studies 
and the therapeutic options were discussed with the 
patient and her family, but they declined surgery. 
Combined PTCA and ABV were performed 3 days later. 
PTCA of the right coronary was attempted first, after 
5,000 units of heparin, via the right femoral artery with a 
3.0 mm balloon dilation catheter (Advanced Cardiovascu- 
lar Systems, Inc., Temecula, Calif.) (Fig. 1, A and B). 
Selective right coronary angiograms were performed at 10 
and 20 minutes after the last balloon inflation, and 
persistent patency at the dilated site was observed. Imme- 
diately following this, a No. 7 French Sones catheter was 
advanced into the left ventricle via the right femoral 
artery. An exchange wire was placed in the ventricle and a 
pigtail catheter was passed over it. A No. 5 French pigtail 
catheter was then advanced to the ascending aorta via the 
left femoral artery. Simultaneous left ventricle—aortic 
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Fig. 1. Right coronary artery; A, before PTCA and B, 
after PTCA. 


pressures were recorded at baseline. Successful dilatations 
of the aortic valve with No. 15, 18, and 120 mm valvulo- 
plasty balloons were performed (Fig. 2). Aortic valve 
pressure gradient was obtained after each balloon was 
used. The gradient was reduced from 80 to 25 mm Hg (Fig. 
3), and valve area increased from 0.35 to 1.1 cm”. An 
ascending aortogram revealed no aortic regurgitation, and 
a repeat selective right coronary injection confirmed per- 
sistent patency of the right coronary artery. Echo-Doppler 
performed 24 hours later demonstrated absence of mitral 
regurgitation. There was no complications related to 
either procedure. However, a transient left bundle branch 
block pattern was observed during valvuloplasty and it 
disappeared within 5 minutes after completion of the 
procedure. The patient was discharged from the hospital 
48 hours later in good condition. 

This is the first reported case of concomitant PTCA and 
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Fig. 2. A 20 mm valvuloplasty balloon within the aortic 
valve. 


ABV. Several recent reports,”* including our own experi- 
ence, have shown that ABV alone is safe, is of low cost, has 
immediate results that are hemodynamically satisfactory 
and has a low short-term morbidity and mortality. The 
actual 5-year survival after isolated aortic valve replace- 
ment is about 80% only, and that was attributed mostly to 
coronary artery disease and had prompted the routine 
adoption at some centers of combined valve replacement 
and bypass surgery for patients with significant coronary 
artery disease. Macmanus et al. found that the risk of 
perioperative and early postoperative myocardial infarc- 
tion in patients with significant coronary artery disease 
undergoing valve replacement was reduced when the 
procedure was combined with revascularization where one 
or all vein grafts were placed prior to valve replacement to 
minimize the hypoxic insult to the hypertrophied myocar- 
dium. McKay et al. reported on a patient who needed 
bypass surgery and valve replacement after having had 
valvuloplasty, but who continued to experience angina 
due to significant coronary disease. Cribier et al.” reported 
on the follow-up of 92 patients with ABV. Myocardial 
infarction was the cause of death in two patients out of 
eight who died between the third and twelfth week after 
discharge. In their series, the coronary anatomy was not 
known at the time of ABV, since coronary angiograms 
were not performed routinely. 

About 20% of patients undergoing ABV develop pro- 
found hypotension, bradycardia, ST segment depression, 
and widening of QRS complexes. Usually they respond to 
ballon deflation and the administration of atropine, but 
these could precipitate myocardial ischemia and infarc- 
tion in the presence of significant coronary disease. In 
fact, the patient reported here did have marked hypoten- 
sion but she did not have signs of ischemia. The short- 
term follow-up revealed a dramatic improvement in her 
functional status. In summary, we present a patient who 
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underwent successful angioplasty of the right coronary 
artery and percutaneous ABV simultaneously. 
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Bacterial endocarditis after percutaneous 
aortic valvuloplasty 


Bibiana Cujec, M.D., F.R.C.P.(C), 

James McMeekin, M.D., F.R.C.P.(C), and 
Jose Lopez, M.D., F.R.C.P.(C) Saskatoon, 
Saskatchewan, Canada 


Percutaneous aortic valvuloplasty for aortic stenosis has 
become an increasingly popular alternative to aortic valve 
replacement, especially in elderly patients and those with 
depressed left ventricular function. Early results with this 
procedure have been encouraging and relatively few com- 
plications have been reported.'* We report a case of 
infective endocarditis after aortic valvuloplasty. 

A 63-year-old white man with a 5-year history of 
steroid-dependent systemic lupus erythematosus devel- 
oped increasing dyspnea during exertion. He was found to 
have severe calcific aortic stenosis caused by a congenital- 
ly bicuspid aortic valve. Valve replacement was recom- 
mended but refused by the patient. After giving informed 
consent, he underwent aortic balloon valvuloplasty from a 
percutaneous femoral approach. Four inflations of a 9 
French, 18 mm diameter X 3 cm length balloon catheter 
were performed. The systolic aortic gradient decreased 
from 73 to 46 mm after-valvuloplasty. The introducer 
sheaths were left in the femoral artery and vein for 21 
hours after the procedure because of systemic anticoagu- 
lation. Five days after valvuloplasty, the patient noted 
some pustular discharge from the right groin, which 
resolved without medical attention. Two weeks after 
valvuloplasty, he developed fever and transient complete 
heart block. All blood cultures grew Staphylococcus epi- 
dermidis, and he was treated for endocarditis with cloxa- 
cillin and gentamicin. Two-dimensional echocardiography 
showed heavy calcification of the aortic leaflets without 
definite vegetations. He was hemodynamically stable 
while receiving antibiotic therapy for 5 weeks and then 
suddenly developed hypotension, congestive heart failure, 
and a loud diastolic murmur. Shortly thereafter, he had a 
cardiac arrest with electromechanical dissociation. Resus- 
citative attempts were unsuccessful. At autopsy a congen- 
itally bicuspid aortic valve with calcific stenosis and a 
vegetation of the posterior aortic leaflet were found. There 
was an aortic ring abscess with fistula formation into the 
left ventricular outflow tract and into the right atrium. 

This patient is the first that we know of to develop 
bacterial endocarditis as a complication of aortic valvulo- 
plasty. The patient had no evidence of endocarditis before 
valvuloplasty. The pustular discharge from the site of 
femoral catheterization, the infecting organism being part 
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of the normal skin flora, and the 2-week delay before the 
onset of symptoms of endocarditis strongly suggest that 
the patient had a bacteremia associated with the pustular 
discharge in the right femoral catheter site with subse- 
quent seeding of the aortic valve. Bacteremia occurs very 
infrequently during routine diagnostic cardiac catheter- 
ization. Sande et al.‘ found no positive peripheral venous 
cultures among 108 patients undergoing cardiac catheter- 
ization. The American Heart Association® does not recom- 
mend endocarditis prophylaxis before this procedure. 
Endocarditis occurred in only 3 of 12,367 cases evaluated 
in the Cooperative Study on Cardiac Catheterization.® 
One of the three patients had infection at the catheter 
cut-down site. 

The presence of systemic lupus erythematosus and 
steroid-induced immunosuppression in this patient may 
have contributed to the catheter-related infection and 
subsequent endocarditis. The most likely source of the 
local infection and bacteremia in our patient was the 
indwelling femoral arterial and venous sheaths that were 
left in place for 21 hours after valvuloplasty. It is less 
likely that a contaminated catheter was used during the 
procedure or that failure to conform to aseptic technique 
caused the bacteremia. Positive cultures of catheter tips 
with the use of a semiquantitative method, occurred in 4% 
to 12% of intravascular catheters.’ Bacteremia occurred in 
34% to 44% of patients with positive catheter cultures, 
and few catheters became colonized within 24 hours. The 
peak incidence was after 2 to 4 days. Bacteremia in 
association with catheter-induced endothelial damage 
may result in endocarditis. Right-sided endocarditis with 
predominant involvement of the pulmonic valve was 
reported in 7% of an autopsy series of 55 patients who 
died within 1 month of pulmonary artery catheteriza- 
tion.’ 

Aortic valvuloplasty, to date, has shown a relatively low 
incidence of serious procedural complications.* Intra- 
operative and postmortem findings in patients undergoing 
aortic valvuloplasty have demonstrated separation of 
fused commissures, fracture of calcification, and stretch- 
ing of rigid leaflets.” Presumably, the alterations in the 
aortic valve that occur during valvuloplasty could form 
the nidus for endocarditis should bacteremia occur. This 
report documents a case of bacterial endocarditis that 
occurred after percutaneous aortic balloon valvuloplasty. 
Careful attention to sterile technique and prompt removal 
of intravascular lines may decrease the incidence of 
bacteremia. This may be especially important in immuno- 
compromised patients. Consideration should be given to 
endocarditis prophylaxis in patients who are immunosup- 
pressed or who require indwelling catheters for prolonged 
periods of time after valvuloplasty. 
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Resolution of complete heart block after 
right coronary artery angioplasty 


Abel E. Moreyra, M.D., Louis Horvitz, M.D., 
Stephen B. Presant, M.D., and John B. Kostis, M.D. 
New Brunswick, N. J. 


Transient complete heart block in the setting of inferior 
wall ischemia has been well described.' Its pathophysiolo- 
gy, specifically atrioventricular (AV) nodal ischemia and 
increased vagal tone, has also been articulated by many 
authors.? Therefore is AV nodal ischemia is the patho- 
physiologic substrate of this clinical syndrome, it would 
follow that reperfusion, either spontaneously or otherwise, 
might result in the clinical resolution of complete heart 
block. We report a case of complete heart block that 
resolved to normal sinus rhythm after coronary angioplas- 
ty to the right coronary artery was performed. 

G. M., a 66-year-old white woman, came to an outlying 
hospital with congestive heart failure. She denied previous 
history of chest discomfort. A myocardial infarction was 
ruled out by enzymes and ECG criteria. The admitting 
ECG showed a normal sinus rhythm that subsequently 
changed to complete heart block, requiring a temporary 
pacemaker (Fig. 1, A). She was then transferred to our 
hospital for further evaluation and insertion of a perma- 
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nent pacemaker. Her medications included isosorbide, 20 
mg every 4 hours, prazosin, 1 mg three times a day, 
furosemide, 40 mg daily, and a potassium supplement. On 
physical examination she was an obese female patient in 
no apparent distress. Her vital signs were as follows: heart 
rate 76 bpm, blood pressure 140/80, and respirations 
20/min. There was mild jugular venous distention and her 
lungs were clear. The point of maximal impulse was 
displaced laterally, S, was normal, and S, was slightly 
decreased. There was a grade 3/6 crescendo-decrescendo 
murmur, which was heard best at the second right inter- 
costal space, with radiation to both sides of the neck; no 
gallops were present. The rest of the physical examination 
was within normal limits. The ECG showed a complete 
heart block with an atrial rate of 86/min and a junctional 
escape of 50/min. Result of laboratory analyses were 
normal except for a fasting blood sugar of 221 mg/dl and 
abnormal blood gas values (pH 7.4, Pco, 55, Po, 84, and 
saturation 96%). The patient underwent cardiac catheter- 
ization; pressures were as follows: right atrium 10 mm Hg, 
right ventricle 60/10 mm Hg, pulmonary artery 60/30 mm 


-Hg, pulmonary artery “wedge” 20 mm Hg, left ventricle 


190/19 mm Hg, aorta 150/70 mm Hg, cardiac output 5.08 
L/min, and aortic valve area 1.05 cm’. Coronary arteriog- 
raphy showed 50% occlusion of the left main stem, 50% 
occlusion in the proximal segment of the left anterior 
descending artery, the circumflex artery normal, and 
diffuse ectatic dilatation of the right coronary artery with 
95% stenosis in the middle third (Fig. 2, A). Left ventric- 
ular ejection fraction was 21%. 

The patient was considered a high-risk surgical candi- 
date for myocardial revascularization and valve replace- 
ment. Angioplasty to the right coronary artery was then 
recommended because the lesion in this vessel was most 
threatening and also perhaps the “culprit” in the conduc- 
tion disturbance. This procedure was carried out unevent- 
fully 7 days after the onset of complete heart block. The 
initial gradient across the lesion of 53 mm Hg was reduced 
to 5 mm Hg. Angiographically the lesion showed a transi- 
tion from 95% stenosis to a residual stenosis of 40% (Fig. 
2, B). Twenty-four hours later the complete heart block 
changed to first-degree AV block (Fig. 1, B). Four days 
after angioplasty, the PR interval had returned to normal 
values. Six weeks after this procedure was done, the 
patient died of refractory pump failure. Microscopic study 
of the AV node revealed a normal architecture without 
evidence of calcification or fibrosis. 

The underlying causes of complete heart block are 
numerous and include any of a variety of infiltrative and 
degenerative processes. Acute or chronic myocardial is- 
chemia is a common cause of complete heart block. In the 
acute setting, it has been reported to complicate 12% to 
25% of patients with acute myocardial infarction, being 
two to four times more frequent in inferior compared with 
anterior infarctions.' Pathologic studies in inferior myo- 
cardial infarction have usually shown occlusion of the 
right coronary artery proximal to the take off of the AV 
nodal branch without major structural alteration to the 
conduction system. Experimental coronary occlusion in 
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Fig. 1. A, Admitting ECG shows complete heart block. B, ECG 24 hours after coronary angioplasty. 


dogs has also shown evidence of irreversible ischemia and 
necrosis in subendocardial muscle cells with longer surviv- 
al of the specialized conduction tissue. Therefore AV 
block has been felt to represent ischemia of the AV node, 
His bundle, or both. 

Although there are precise indications for pacemaker 
therapy in AV block complicating acute inferior myocar- 
dial infarction (Stoke-Adams attack, power failure, and 
bradycardia-induced arrhythmias), the indications for 
this modality of therapy and the extension of the work-up 
are less clear in cases of chronic ischemia. One can 
generalize that permanent ventricular pacing for patients 
with third-degree AV block without acute myocardial 
infarction is recommended for all symptomatic patients 
(syncope, dizziness, or heart failure). In the case we 
present, although the indication for a permanent pacer 
has been made a priori, coronary arteriography and 
hemodynamic studies were prompted by the history of 
congestive heart failure and obscure reasons for the 


complete heart block. Right coronary arteriograms 
showed a significant stenosis in the middle third of this 
artery that conceivably could have caused ischemia of the 
AV node and heart block without associated chest pain. 
Treating the lesion by angioplasty proved that the pre- 
sumption was correct and saved this patient from a device 
that without the angiographic study would have been 
implanted. 

The effects of mechanical reperfusion (angioplasty) in 
complete heart block complicating anterior myocardial 
infarctions have been studied.* The resolution after coro- 
nary angioplasty of exercise-induced left bundle-branch 
block has also been reported.5 Certainly this case illus- 
trates the benefits of reperfusion of the AV node by 
percutaneous transluminal coronary angioplasty outside 
the setting of an acute inferior myocardial infarction. It 
also brings attention to the benefit of defining the coro- 
nary anatomy when ischemia (silent or not) is suspected as 
the cause of complete heart block. In summary, this case 
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Fig. 2. A, Right coronary artery and left anterior oblique 
projection before angioplasty. B, Right coronary artery 
and left anterior oblique projection after angioplasty. 


shows that in addition to reversing mechanical complica- 
tions of myocardial ischemia such as mitral regurgitation 
and left ventricular dysfunction,’ reperfusion (percutane- 
ous transluminal coronary angioplasty) can be useful in 
the treatment of electrical complications of myocardial 
ischemia. A careful search for reversible causes of the 
conduction defect should also be undertaken before a 
decision to implant a permanent pacemaker is made. 
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Multiple coronary arteriocameral fistulas 
as a cause of myocardial ischemia 


Christoph Cottier, M.D., Wolfgang Kiowski, M.D., 
Raimund von Bertrab, M.D., Matthias Pfisterer, M.D., 
and Felix Burkart, M.D. Basel, Switzerland 


Coronary arteriovenous fistulas are rare and usually occur 
as malformations of single vessels.' Arteriocameral fistu- 
las, connecting coronary arteries with a heart chamber, 
occur even less frequently, particularly on the left side of 
the heart.” We report a case of angina pectoris (New York 
Heart Association functional class II to III) in which 
multiple arteriocameral fistulas of the entire left coronary 
artery were the probable cause of myocardial ischemia. 
A 40-year-old man first developed occasional chest pain 
at the age of 25 years; at that time the pain was unrelated 
to physical exercise. The patient had never smoked and 
there was no family history of cardiac disease. When he 
was 30 years old, a sarcoma of a testicle was removed. 
Results of physical and laboratory examinations including 
serum lipids were normal, except for a negative ST-T 
segment in aV, and a flat T wave in D, on resting (Fig. 1) 
and exercise ECGs. At age 34 years, the patient complain- 
ed of precordial pain that now also occurred during 
strenuous physical activity. The ECG showed a strain 
pattern (Fig. 1). Thallium-201 exercise scintigraphy 
showed no perfusion defects. Treatment was begun with a 
calcium channel blocker and long-acting oral nitrates, and 
symptoms disappeared. Five years later chest pain reap- 
peared and a beta-blocking agent was added to the 
treatment regimen. Despite triple therapy, typical retro- 
sternal pain and dyspnea, which were promptly relieved 
by sublingual nitroglycerin, occurred during physical work 
or brisk walking. The patient was hospitalized for invasive 
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Fig. 1. ECGs at rest recorded at ages 29, 34, and 40 
years. 


cardiac testing because of angina pectoris refractory to 
triple therapy. The patient was obese (weight 92 kg, height 
173 cm), but palpation of the heart and the major arteries 
showed no abnormalities. A grade 2/6 ejection murmur 
and a third heart sound were heard. Blood pressure was 
135/85 mm Hg. Results of chest x-ray examination were 
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Fig. 2. Selective left coronary angiogram (left anterior 
oblique view) in diastole showing dense network of arte- 
riocameral fistulas in left ventricular wall. Incomplete 
outline of coronary arteries is result of increased blood 


flow. 


d 





Fig. 3. Selective left coronary angiogram (left anterior 
oblique view) in systole. Immediate opacification of left 
ventricular cavity is readily seen. 


normal except for a slightly increased cardiothoracic ratio 
(15.5/32 cm). The ECG showed normal sinus rhythm and 
signs of hypertrophy of the left side of the heart (left-axis 
deviation, ST-T alternation [strain pattern] in D,, aV., Vs, 
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Fig. 4. Selective left coronary angiogram (right anterior 
oblique view) in diastole, again showing dense network of 
arteriocameral fistula in left ventricular wall. Main 
branches of left coronary artery appear enlarged and 
tortuous. 


and V,) (Fig. 1). With beta blocker therapy the heart rate 
rose from 64 to 128 bpm at 150 W upright bicycle exercise 
(70% of predicted normal physical work capacity). The 
patient denied having angina pectoris but stopped 
because of dyspnea and fatigue of the legs. The exercise 
ECG showed no additional signs of ischemia. The myocar- 
dium appeared to be normally perfused on the thallium 
image. 

Catheterization of the left side of the heart was per- 
formed by the Judkins technique. Left ventricular systolic 
pressure was 138 mm Hg and end-diastolic pressure was 
18 mm Hg. Left ventricular ejection fraction was 76% and 
the apex appeared slightly hypokinetic. Visual assessment 
of the left ventricular wall confirmed the hypertrophy. No 
abnormalities of the cardiac valves or the right coronary 
artery were found. In contrast, all branches of the left 
coronary artery were ectatic and showed tortuous con- 
tours and increased blood flow. Figs. 2 to 5 show that the 
contrast media injected into the left coronary artery 
perfused a network of arteriocameral fistulas in all parts of 
the left ventricular wall and that the left ventricular cavity 
instantly opacified during systole. Catheterization of the 
right side of the heart with measurement of coronary 
blood flow was also performed. The patient had stopped 
treatment with atenolol 5 days before and with nifedipine 
and nitrate 2 days before this examination. A flow- 
directed, balloon-tipped, 6 French catheter was advanced 
into the wedge position of the pulmonary artery. The tip 
of a 7 French Baim coronary sinus flow catheter was 
placed near the greater cardiac vein and coronary blood 
flow and greater cardiac vein flow were measured as 
described by Baim et al.” Control injections of contrast 
material showed no structural abnormalities of the right 
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Fig. 5. Selective coronary angiogram (right anterior 
oblique view) in systole. Opacification of left ventricular 
cavity is seen. 


Table I. Hemodynamic data at rest and during supine 
bicycle exercise 





Exercise 
Hemodynamic data Rest (50 W) 
Heart rate (bpm) 55 85 
Mean right atrial pressure (mm 7 8 
Hg) 
End-diastolic right ventricular 10 13 
pressure (mm Hg) 
Pulmonary artery pressure 23/13/16 28/27/30 
(systolic, diastolic, mean) 
(mm Hg) 
Pulmonary capillary wedge 12 25 
pressure (mm Hg) 
Cardiac output (L/min) 9.1 14.8 
Stroke volume (ml) 165 174 
Coronary blood flow 
Coronary sinus (ml/min) 383 276 
Greater cardiac vein (ml/min) 93 154 





side of the heart, the pulmonary arteries, or the cardiac 
veins. A catheter in the brachial artery had to be with- 
drawn during the procedure because of technical prob- 
lems. Table I shows that hemodynamic variables were 
within normal range at rest. During recumbent bicycle 
exercise the patient complained of dyspnea and retroster- 
nal pain after 3 minutes at a load of 50 W, which 
disappeared after a 5-minute recovery period. Pulmonary 
capillary wedge pressure increased from 12 to 25 mm Hg 
and stroke volume from 165 to 174 ml during exercise. At 
the same time total coronary blood flow decreased by 28% 
during exercise, whereas greater cardiac vein flow, reflect- 
ing venous effluent mainly from the left anterior descend- 
ing artery, increased by 66%. 


ve 
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Our patient underwent coronary arteriography because 
of angina pectoris (New York Heart Association function- 
al classes II to III) and suspected atherosclerotic coronary 
artery disease. However, the only demonstrable abnormal- 
ity on angiography was a fine network of vessels connect- 
ing the branches of the left coronary artery with the lumen 
of the left ventricle (Figs. 2 to 5). As inferred from the 
immediate opacification of the left ventricular cavity after 
injection of contrast material, a sizable amount of blood 
was shunted into the cavity. An exercise test without 
antianginal therapy resulted in typical anginal pain and 
ischemic left ventricular dysfunction, and the simulta- 
neous measurements of coronary blood flow suggest 
shunting of blood through the extensive arteriocameral 
fistula system as an underlying mechanism. A precise 
determination of the blood volume shunted through the 
arteriocameral fistulas is not possible. If one assumes, 
however, that blood flow in the left coronary artery is 
increased parallel to cardiac output during exercise, the 
decrease in coronary blood flow from 383 (rest) to 276 
ml/min (exercise) would indicate more than 50% shunting 
of left coronary flow into the left ventricular cavity during 
exercise. The lack of perfusion defects during thallium 
scintigraphy is compatible with arteriocameral fistulas 
extending to all parts of the left ventricle. Myocardial 
ischemia could result from a shunt-related steal in certain 
vascular beds or a critical drop in perfusion pressure 
because of rapid run-off and impaired subendocardial 
perfusion of the hypertrophied myocardium. Since greater 
cardiac vein flow increased during exercise while total 
coronary blood flow decreased, it might be argued that 
most of the shunting occurred in the vascular bed of the 
left circumflex artery, but there is no way of proving this 
hypothesis. 

Only a few cases of multiple coronary arteriocameral 
fistula have been reported.?* Most investigators ascribe 
the malformation to a hypothetical genetic failure of 
obliteration of communications between coronary arteries 
and ventricular cavity. These may be arterioluminal ves- 
sels, arteriosinusoidal vessels, or Thebesian vessels. Alter- 
natively, an overdevelopment of certain parts of the 
circulation is not excluded. In‘the few cases autopsied no 
evidence of neoplastic growth of endothelial or mesangial 
tissue was found. The long history of anginal pain and the 
anatomy of the vascular malformation in this patient 
render the possibility of cardiac metastasis of the sarcoma 
removed 10 years earlier very unlikely. The development 
of the strain pattern in the ECG and the angina of more 
than 15 years’ duration could suggest either a progression 
of the vascular malformation or a decline in myocardial 
integrity and function as a result of inadequate perfusion. 
Treatment of multiple arteriocameral fistulas as a cause of 
myocardial ischemia is difficult. The diffuse character of 
the vascular malformation precludes surgical correction. 
Therefore, treatment must be aimed at reduction of 
myocardial oxygen demand and the long-term prognosis is 
very likely to be limited. 
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Exercise-induced hypotension as a 
manifestation of right ventricular ischemia 


Michael W. Rich, M.D., Andrew Keller, M.D., 
Lalith Chouhan, M.D., and Keith Fischer, M.D. 
St. Louis, Mo. 


Exercise-induced hypotension attributable to ischemic 
heart disease has been reported to be a highly specific sign 
of severe multivessel coronary artery disease, significant 
left main coronary stenosis, and/or severe left ventricular 
dysfunction.' Although hypotension due to right ventricu- 
lar infarction is a recognized complication of proximal 
right coronary occlusion,? symptomatic exercise-induced 
hypotension due to reversible right ventricular ischemia 
has not previously been described. 

A 55-year-old woman with hypertension but no prior 
cardiac history experienced the sudden onset of severe 
light-headedness and presyncope while walking up four 
flights of stairs. Similar episodes occurred on two subse- 
quent occasions, each during moderate exertion. The 
symptoms were accompanied by diaphoresis, palpitations, 
and vomiting, but she denied chest pain or shortness of 
breath. Each episode resolved spontaneously within 10 
minutes of cessation of activity. Physical examination 
revealed a mildly overweight woman with a pulse of 
50/min and a blood pressure of 118/90 mm Hg. Cardiovas- 
cular examination was entirely within normal limits. A 
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Fig. 1. Exercise 12-lead ECG illustrating anterolateral ST depression and prominent ST elevation in 


lead Vr (see text). 


12-lead ECG revealed inferolateral T wave inversions, and 
an echocardiogram showed mild left atrial enlargement 
but was otherwise normal. A thallium stress test was 
performed by a modified Bruce protocol. The patient 
exercised 13 minutes (3.4 mph, 14% grade, 9 METS), 
achieving a maximum heart rate of 112/min (67% pre- 
dicted) and a blood pressure of 150/80 mm Hg. Thallium- 
201 (2.5 mCi) was injected at 12 minutes of exercise when 
the patient developed fatique. Subsequently the test was 
terminated when the patient complained of severe dizzi- 
ness and near syncope and her systolic blood pressure fell 
to 90 mm Hg. She denied chest pain and her blood 
pressure returned to 120/80 mm Hg within 2 minutes of 
termination of exercise. Cardiac auscultation revealed no 
murmurs or gallops. The exercise ECG demonstrated 1.5 
mm downsloping ST segment depression in leads I and 
aV,, mild ST depression in leads V, to V, and 2mm ST 
segment elevation in right precordial lead Vig (Fig. 1). 
These changes persisted for several minutes before gradu- 
ally resolving. Immediate and delayed thallium images 
showed a small area of reperfusible ischemia in the 
inferior wall of the left ventricle and marked ischemia of 
the right ventricle (Fig. 2). There was no evidence of left 
ventricular dilatation or increased thallium uptake in the 
lungs. Cardiac catheterization was performed on the fol- 
lowing day and revealed normal wall motion, total proxi- 
mal occlusion of a moderate-sized dominant right coro- 
nary artery with a large acute marginal branch and two 
smaller right ventricular branches, and a normal left 
coronary circulation. In view of the patient’s symptoms 
and stress test results, transluminal coronary angioplasty 
was performed with successful recanalization of the right 
coronary artery. The patient was discharged and has 
remained symptom-free while returning to her normal 
active life-style. A follow-up thallium stress test was 
performed with the standard Bruce protocol. The patient 


completed stage IV without clinical, ECG, or thallium 
evidence of ischemia. 

Known cardiovascular causes of exercise-induced hypo- 
tension include aortic stenosis, hypertrophic or dilated 
cardiomyopathy, arrhythmias and conduction abnormali- 
ties, pulmonary hypertension, vasovagal reactions, and 
ischemia. Previous reports! have suggested that in the 
setting of ischemic heart disease, exercise-induced hypo- 
tension is a reliable indicator of advanced multivessel or 
left main coronary disease, with or without associated 
ventricular dysfunction. Single-vessel proximal right coro- 
nary stenosis, as seen in our patient, has not previously 
been described as a cause of exertional hypotension. 
Furthermore, the ECG and thallium findings imply that 
severe right ventricular ischemia was the most likely cause 
of this patient’s hypotension, since there was only minimal 
ischemia demonstrated in the left ventricle. Also, cardiac 
auscultation during hypotension did not demonstrate any 
new murmurs or gallops, making acute ischemic mitral 
regurgitation and severe global left ventricular dysfunc- 
tion unlikely. There also were no rhythm disturbances, 
and although the patient was receiving a thiazide diuretic, 
this agent has not been associated with exercise hypoten- 
sion. Finally, the relief of symptoms and absence of 
objective signs of inducible ischemia following successful 
angioplasty further implicate the right coronary occlusion 
as the cause of hypotension. 

Right ventricular infarction is now a well-recognized 
cause of hypotension in the setting of acute inferior 
infarction.’ Several reports have also documented the 
value of lead Vr in detecting right ventricular ischemia, 
both during acute infarction,** and during stress electro- 
cardiography.> Thallium-201 imaging has also been 
shown’ to be useful for evaluating right ventricular ische- 
mia. The present patient serves to synthesize these reports 
by demonstrating that reversible severe right ventricular 
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Fig. 2. Single photon emission computed tomographic 
(SPECT) thallium images in the transverse projection 
demonstrate reduced right ventricular perfusion after 
exercise (dotted line), which returns to normal in the 
delayed image (dashed line). The normal response is 
increased right ventricular thallium uptake post exercise 
relative to the delayed images. 


ischemia, as demonstrated by ST elevation in lead V,r and 
by a reperfusible defect on thallium imaging, can lead to 
symptomatic hypotension during exercise. Although this 
phenomenon is likely to be relatively uncommon, it should 
be added to the differential diagnosis of exercise-induced 
hypotension, especially since it may be readily treated 
with coronary angioplasty. In summary, a patient with 
exercise-induced hypotension due to right ventricular 
ischemia successfully treated with angioplasty of the right 
coronary artery is described. This diagnosis should be 
considered in patients with exercise-related dizziness or 
syncope in the absence of other causes of exertional 
hypotension. 
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Biventricular free wall rupture with 
extracardiac left-to-right shunt after 
myocardial infarction 


Nico H. J. Pijls, M.D., Jules H. Fast, M.D., 
Jaap J. van der Meer, M.D., and 
Tjeerd van der Werf, M.D. Nijmegen, The Netherlands 


Myocardial rupture is an infrequent complication of myo- 
cardial infarction and may involve the interventricular 
septum, the left or right ventricular free wall, or the 
papillary muscles. Some rare combinations of these is- 
chemic ruptures have been reported.' This article 
describes the unusual situation of two different ruptures 
of the left and right ventricular free wall leading to a large 
extracardiac left-to-right shunt by way of a pseudoaneu- 
rysm. The defects were successfully repaired. 

A 51-year-old white man was referred to our hospital 
with a diagnosis of postinfarction ventricular septal 
defect. He had been admitted to a nearby hospital 6 weeks 
earlier because of a 2-day-old inferoposterior myocardial 
infarction that was diagnosed on the basis of clinical 
history, ECG and enzyme elevations. Involvement of the 
right ventricle had also been suspected and had been 
confirmed by two-dimensional echocardiography. Three 
days later congestive heart failure developed, which was 
successfully treated medically. At that time a systolic 
apical murmur, which had not been present previously 
and which radiated to the left axilla, was heard by 
auscultation and was interpreted as mitral regurgitation. 
After 10 days the patient had been discharged at his own 
request in a reasonably healthy state without undergoing 
additional diagnostic procedures. Six weeks later he was 
readmitted because of sudden onset of severe congestive 
heart failure. During the physical examination a loud 
pansystolic murmur was heard in the fourth left intercos- 
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Fig. 1. Two-dimensional echocardiographic images and schematic diagrams. A, Parasternal short-axis 
view. B, Apical two-chamber view. Defect in left ventricular wall communicating with large pseudoaneu- 
rysm is clearly seen. C, Apical four-chamber view. Bubbles are seen in right atrium and most of right 
ventricle, but apical part of right ventricle remains unfilled indicating left-to-right shunt. Discontinuity of 
distal septum is artificial and not present in moving images. LA, left atrium; LV, left ventricle; M, mitral 
valve; P, pseudoaneurysm; RV, right ventricle. 
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tal space. An ischemic rupture of the ventricular septum 
was suspected and seemed to be confirmed by right-heart 
catheterization. According to the oxygen saturation of the 
blood samples, a Qp:Qs ratio of 3:1 was calculated. The 
patient was referred to our hospital for emergency surgery. 
Surprisingly, the echocardiogram showed only slight 
enlargement of the left and right ventricles with akinesia 
of the inferior and posterior segments of the left ventricle 
and hypokinesia of the apex. No ventricular septal defect 
could be seen with certainty, either by two-dimensional 
echocardiography or by Doppler examination. However, a 
defect was seen in the mferior wall of the left ventricle, 
communicating with a pseudoaneurysm with an estimated 
size of 10 X 6 cm? and extending below the right ventricle 
(Fig. 1, A and B). After injection of saline solution into the 
right brachial vein for echo contrast study, no contrast was 
seen in this pseudoaneurysm, but negative contrast 
appeared in the apex of the right ventricle, suggesting a 
communication between the right ventricle and the pseu- 
doaneurysm at apical level (Fig. 1, C). Since the hemody- 
namic situation was stable, coronary arteriography was 
performed. The right coronary artery was occluded and 
significant stenoses were seen in the left anterior descend- 
ing artery, in one of the diagonal branches, and in a 
posterolateral branch of the circumflex artery. 

Surgery was subsequently performed. The thorax was 
opened by median sternotomy, and the anterior aspect of 
the pericardium showed no signs of a hematoma. Adhe- 
sions surrounding the heart were dissected as far as 
necessary for cannulation of the ascending aorta and the 
right atrium. Cardiopulmonary bypass was performed and 
the pseudoaneurysm between the heart and the dia- 
phragm was entered. As expected, a large defect was found 
in the left ventricular free wall. The ventricular septum 
was intact, but there was a smaller defect in the apical part 
of the right ventricle, which communicated with the 
pseudoaneurysm and led to the extracardiac left-to-right 
shunt, mimicking the clinical features of a postinfarction 
ventricular septal defect. 

After these findings were established, the blood was 
cooled down, the defects were closed, and triple aortacor- 
onary bypass was performed. The postoperative course 
was complicated by a hemopericardium 5 days later. At 
reoperation 700 ml of bleod and clots around the heart 
were removed; there were no signs of recurrent or residual 
wall rupture. Transient renal insufficiency necessitated 
peritoneal dialysis for 1 week. The patient was discharged 
3 weeks after the last operation. At the present time, 1 
year postoperatively, the patient is alive with no recurrent 
angina or signs of congestive heart failure; he has resumed 
his former job as a garage keeper. 

Rupture of the free wall of the myocardium is an 
infrequent but often catastrophic complication of acute 
myocardial infarction; it occurs in a small percentage of 
patients between a few hours and several weeks after the 
initial event and usually results in acute hemopericardium 
with clinical features of cardiac tamponade and electro- 
mechanical dissociation.” * In many instances the diagno- 
sis is not established during life and patients die before 
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surgery can be performed. Also, the mortality is high after 
intervention.2? Sometimes the course can be subacute if the 
rupture is contained and sealed spontaneously by thrombi 
or pericardial adhesions and a pseudoaneurysm develops.‘ 
This diagnosis should be considered in cases of sudden 
heart failure developing in the acute or subacute phase of 
myocardial infarction.’ As in true aneurysms, during every 
contraction a part of the left ventricular stroke volume can 
be drained into the pseudoaneurysm, leading to a systolic 
murmur with radiation to the left axilla as in our patient.’ 
Chest roentgenograms show cardiac enlargement, some- 
times with a typical posterior or lateral bulging mass.® 5 
Once suspected the diagnosis can be confirmed rapidly by 
two-dimensional and Doppler echocardiography.° 

In contrast to true aneurysms, false aneurysms do have 
a tendency to rupture, even in late stages; for this reason 
surgery is always indicated soon after the diagnosis is 
established.® For those patients who seem to be hemody- 
namically stable it is preferable to perform coronary 
arteriography in view of coronary revascularization at the 
time of surgery, if indicated. Although this procedure 
means a short delay before surgery is performed, it seems 
to be justified for two reasons: the postoperative course 
will be more advantageous after revascularization of 
endangered myocardium and the need for possible reoper- 
ation because of recurrent angina is avoided. 

In the previously described patient the rupture of the 
left ventricular inferior wall probably originated 3 days 
after the initial admission when congestive heart failure 
developed and a systolic apical murmur was heard for the 
first time. It is difficult to determine whether this murmur 
was associated with the pseudoaneurysm itself or with the 
mitral insufficiency probably originating from papillary 
muscle dysfunction as a result of the wall rupture. The 
rupture was sealed and a pseudoaneurysm developed. We 
suspect that the connection of this pseudoaneurysm with 
the right ventricle originated 6 weeks later when the 
patient was readmitted because of acute severe congestive 
heart failure and when a loud pansystolic murmur was 
heard at the fourth left intercostal space. This resulted in 
the unusual situation of a large extracardiac left-to-right 
shunt by way of the pseudoaneurysm. This case demon- 
strates the kind of exceptional cardiac injury that can be 
survived and repaired successfully and reemphasizes the 
valuable contribution of ultrasound studies in patients 
with unexplained congestive heart failure after myocardial 
infarction. 
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Four-valve endocarditis with associated 
right ventricular mural vegetations 


Diana Lam, M.D., Bianka Emilson, and 
Elliot Rapaport, M.D. San Francisco, Calif. 


Infectious endocarditis involving all four cardiac valves is 
an extremely rare occurrence. It was not found among 137 
necropsy cases reviewed by Arnett and Roberts,! nor 
among 97 episodes of endocarditis in drug addicts 
reviewed by Hubbell et al.? We present the two-dimen- 
sional echocardiographic findings of a patient with sub- 
acute bacterial endocarditis due to Streptococcus viri- 
dans, apparently from a peridontal source. This is the first 
reported case to our knowledge of two-dimensional echo- 
cardiographically demonstrated simultaneous four-valve 
endocarditis. In addition, there appears to be concomitant 
right ventricular mural vegetations. 

A 46-year-old man with mild mental retardation pre- 
sented with a 4-day history of worsening dyspnea and 
malaise preceded by 2 weeks of increasing lassitude. He 
had no previous history of a cardiac murmur, congenital 
heart disease, or recent dental work. Physical examination 
revealed a blood pressure of 130/60 mm Hg and bounding 
pulses. Jugular venous pressure was elevated at 15 cm. He 
had poor dentition with gross peridontal disease. The lung 
fields were remarkable for bibasalar rales. Cardiac exami- 
nation revealed a hyperdynamic and heaving left precor- 
dium. There was a grade III/VI holosystolic murmur at 
the lower left sternal border radiating to the axilla, a grade 
III/VI systolic murmur at the left sternal border that 
radiated to the right precordium and appeared to increase 
in intensity with inspiration, a grade I/VI decrescendo 
diastolic murmur at the base, a loud P,, and an S, gallop. 
The abdomen was distended but was otherwise soft and 
with audible bowel sounds. The extremities had marked 
pitting pedal edema. A chest roentgenogram revealed 
cardiomegaly and pulmonary edema. An ECG demon- 
strated sinus rhythm with a right bundle branch block. 
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Two out of two blood cultures were positive for slow- 
growing Streptococcus viridans. A two-dimensional echo- 
cardiographic study revealed a dilated but hyperdynamic 
left ventricle. The left atrium was also enlarged. In the 
parasternal long-axis view, mitral and aortic valvular 
vegetations were seen. A cauliflower-like conglomeration 
of brightly echogenic and freely mobile masses was also 
seen attached to the right ventricular septum, suggestive 
of vegetations (Fig. 1). In systole, the large mitral valve 
vegetation was seen prolapsing back into the left atrium. 
The short-axis view at the base of the heart again demon- 
strated a cluster of grape-like conglomerations of brightly 
echogenic masses that displayed erratic and independent 
motion in the right ventricular outflow tract (Fig. 2). 
These vegetations in the right ventricular outflow tract 
were demonstrated to be clearly separate from the tricus- 
pid valve, which in turn also demonstrated vegetations on 
both leaflets (Fig. 2). A small vegetation involving the 
septal leaflet of the pulmonic valve was also demon- 
strated. Finally, there appeared to be another small and 
freely mobile vegetation in the right ventricular apex that 
appeared to be entrapped around chordal structures (Fig. 
3). 

These two-dimensional echocardiographic findings, in 
addition to positive blood cultures, confirmed the diagno- 
sis of bacterial endocarditis. The patient was started on 
intravenous penicillin and diuretic therapy. Apparent 
worsening of congestive heart failure prompted recom- 
mendation for mitral valve and possibly for aortic valve 
replacement. The patient, however, declined further 
work-up and surgery. Afterload reduction was added to 
his regimen. Ultimately, the patient’s hemodynamic sta- 
tus improved and his blood cultures remained without 
growth after a full 4-week course of antibiotic therapy. He 
did not manifest any evidence of an embolic event. The 
patient continued to remain hemodynamically stable 7 
months after discharge from the hospital. However, he has 
recently been readmitted with an upper gastrointestinal 
hemorrhage apparently due to a Candida species esopha- 
gitis. A follow-up two-dimensional echocardiographic 
study performed 7 months from his initial presentation 
demonstrated biventricular enlargement but globally 
well-preserved contractile function. All valvular vegeta- 
tions were diminished in size, more brightly echogenic, 
less shaggy, and more consolidated in appearance (the 
residual tricuspid valve vegetations are not illustrated). 
The cluster of vegetations previously seen along the right 
ventricular septum and in the right ventricular outflow 
tract was no longer apparent (Fig. 4). In addition, the large 
shaggy mitral valve vegetation was now much reduced in 
size. Chordal rupture could now be appreciated, with flail 
of a small portion of the anterior mitral leaflet. 

Numerous prior reports? have attested to the value of 
echocardiography in the detection of valvular vegetations 
in active bacterial endocarditis. Two-dimensional echo- 
cardiography has especially improved the diagnosis of 
tricuspid’ and pulmonary valve® vegetations that previ- 
ously were elusive to search by the M-mode beam. Bilat- 
eral infectious endocarditis involving some combination of 
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Fig. 1. Parasternal long-axis view in diastole. Mitral and aortic valve vegetations are apparent. A 
cauliflower-like conglomeration of vegetations is demonstrated overlying the right ventricular septum 


(arrow). 
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Fig. 2. Short-axis view showing aortic valve vegetations (center). The conglomeration of vegetations 
(arrow) freely mobile in the right ventricular outflow tract is seen clearly separate from the tricuspid valve 


vegetations (TV). 


right-sided and left-sided valves occurs with relative 
frequency."? Predisposing factors have been thought to 
include chronic sepsis, prosthetic valve implantation, 
indwelling right-heart catheters, and narcotic addiction.” ê 
Simultaneous four-valve endocarditis demonstrated echo- 
cardiographically has not, to our knowledge, been previ- 
ously reported. Of additional interest, our patient was a 
nonintravenous drug abuser, without any previous history 


of congenital heart disease or recent dental work. Bacteri- 
al endocarditis occurred on apparently previously normal 
native valves due to a presumed peridontal source. Strep- 
tococci account for about 55% to 65% of infective endo- 
carditis in non-drug addicts. Approximately one half of 
these infections are due to Streptococcus viridans and 
generally involve the left heart. When considering only 
right-heart endocarditis where the population is com- 
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Fig. 3. Subcostal view. A small freely mobile vegetation is seen in the right ventricular apex, probably 


entrapped around chordal structures. 





Fig. 4. Seven months later. Short-axis view demonstrating pulmonic valve vegetations (arrow). 


prised predominantly of addicts, Staphylococcus aureus 
occurs in 80%,” and Streptococcus viridans is seen much 
less commonly. Our patient is a non-drug addict, with 
apparent previously normal native heart valves and no 
known congenital heart lesions. His recent diagnosis of a 
Candida species esophagitis for as yet unclear reasons 
raises the suspicion of a compromised immune status. 
The patient was ill for approximately 2 weeks prior to 
admission; this appears to be a remarkably acute course 
for Streptococcus viridans. The widespread valvular 


involvement would suggest a more prolonged course. 
There was a remarkably rapid response to intravenous 
penicillin despite the presence of large multivalvular and 
mural vegetations. Simultaneous multivalvular endocardi- 
tis may arise from secondary inoculation of a valve located 
downstream and beyond an infected proximal valve.!3 
For example, mitral valve endocarditis may give rise 
secondarily to aortic valve endocarditis, or tricuspid valve 
vegetations may result in secondary infection of the 
pulmonic valve. Likewise, the high velocity regurgitant jet 
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of valvular insufficiency due to endocarditis may also 
produce secondary infectious satellite lesions.’* 

Although a pathologic confirmation was not possible, 
the masses seen in the vicinity of the right ventricular 
outflow tract are probable mural vegetations. Their echo- 
cardiographic characteristic was suggestive of vegetations, 
but a right ventricular structure cannot be excluded. It is 
conceivable that these vegetations may have resulted from 
secondary inoculation by a regurgitant pulmonic insuffi- 
ciency jet impacting on the right ventricular endocardium. 
Pulmonary insufficiency, either due to passive pulmonary 
hypertension and/or to pulmonic valve endocarditis, may 
well have been present, and it is possible that the diastolic 
murmur arose from insufficiency of both semilunar valves. 
Mural vegetations have been described in association with 
cardiac defects and with septicemia.’**! The true inci- 
dence of mural vegetations in association with valvular 
endocarditis is unknown. They may often be too small to 
be detected as distinct from trabeculations or chordal 
structures by two-dimensional echocardiography. They 
may indeed occur more commonly than is recognized. 

Acutely, our patient manifested signs of congestive 
heart failure and four-valve endocarditis. The patient was 
stabilized on medical management alone, and, surprising- 
ly, has been compensated over the past 7 months of 
follow-up. The most striking change in the echocardio- 
graphic study performed 7 months later was the apparent 
decrease in size of all four valvular vegetations (Fig. 4). 
This is consistent with findings by Stafford et al.’ in their 
serial echocardiographic study of healing bacterial vegeta- 
tions. In summary, two-dimensional echocardiography 
allowed demonstration of simultaneous four-valve endo- 
carditis and concomitant mural vegetations involving the 
right ventricular outflow tract in a patient with apparent 
subacute bacterial endocarditis. These unusual findings 
may reflect the role of hydraulic factors in the pathogene- 
sis of bacterial endocarditis in a possibly immune compro- 
mised host. 


We gratefully acknowledge Stephen Burns for his secretarial as- 
sistance and Elizabeth Louise Dugan for her technical assistance. 
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Colonic villous adenoma, polyp, and 
leiomyoma presenting with Streptococcus 
bovis endocarditis 


S. A. Ben-Haim, M. Nechmad, Y. Edoute, S. Reisner, 
and D. Barzilai. Haifa, Israel 


A strong association between Streptococcus bovis bacter- 
emia and gastrointestinal tumors has become evident 
during the last decade.’ We report a case of colonic villous 
adenoma, polyp, and leiomyoma presenting as S. bovis 
endocarditis. We are unaware of any such previously 
reported case. 

A 60-year-old man with a past history of noninsulin- 
dependent diabetes mellitus was admitted to the hospital 
with a 3-week history of intermittent fever and chills, 
night sweating, cough, and loss of appetite and weight. 
There was no history of rheumatic fever. Two days before 
he was hospitalized, transient swelling of the left hand 
developed in association with paresthesia, but no specific 
therapy was prescribed. Results of physical examination 
showed the following: oral temperature 37.9° C, blood 
pressure 180/90 mm Hg, and heart rate 90 bpm. A short 
apical systolic murmur (grade 2/6) was heard over the 
precordium with no diastolic murmur. The patient had 
hepatosplenomegaly on palpation. The hemoglobin level 
was 11.1 gm/dl and the erythrocyte sedimentation rate 
was 52 mm/hr according to the method of Westergren. 
The white blood cell count was 8300/mm* with a shift to 
the left. Results of kidney and liver function tests were all 


From the Department of Internal Medicine, Rambam Medical Center. 


Reprint requests: S. A. Ben-Haim, M.D., Department of Internal Medicine 
C, Rambam Medical Center, Haifa, Israel. 


Volume 115 
Number 1, Part 1 





Brief Communications 193 


MODE 134 


FROZEN 
NON-HP 
TAPE 


Fig. 1. Parasternal long-axis echocardiogram showing vegetation on noncoronary aortic cusp before 


chemotherapy. 
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Fig. 2. Parasternal long-axis follow-up echocardiogram 2 months later showing complete resolution of 


aortic valve vegetation. 


normal. Blood culture grew Streptococcus bovis that was 
sensitive to penicillin and gentamycin. ECG showed nor- 
mal sinus rhythm and a previous diaphragmatic myocar- 
dial infarction. Echocardiography (Fig. 1) showed vegeta- 
tion on the noncoronary aortic cusp with fluttering of the 
mitral valve, a slightly enlarged well-contracting left 
ventricle, and a slightly enlarged left atrium. During 
hospitalization a long early diastolic murmur (grade 3/6) 


was heard over the left sternal border, blood pressure was 
180/45 mm Hg, and left-sided heart failure developed. 
The patient was given a low-salt diet, furosemide, and 
digoxin, which resulted in clinical improvement. The 
patient received 6 weeks of treatment with intravenous 
penicillin and gentamycin, and a bacteriologic cure was 
achieved. °™Tc radioisotopic scan of the liver and spleen 
showed splenomegaly with two filling defects and a single 
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filling defect on the right lobe of the liver that proved to be 
a vascular lesion according to °™Tc-labeled red blood cells 
scan. Computerized tomographic scan of the abdomen 
showed a normal liver and two suspected spleen infarc- 
tions. No lymphoadenopathy was found. Needle biopsy of 
the liver and nonguided fine needle aspiration showed no 
malignant cells. Colonoscopy showed an 8 cm polyp and a 
1 cm sessile polyp; both were snared. Results of histologic 
examination showed benign villous adenoma, polyp, and 
leiomyoma. 

A second echocardiographic study showed a further 
increase in the size of the left ventricle, a decrease in the 
size of the vegetation with slight thickening of the cusp, 
and diastolic fluttering of the mitral valve with early 
closure, which may indicate increased left ventricular 
end-diastolic pressure. A third echocardiographic study, 
performed 2 months later, showed complete resolution of 
the aortic valve vegetations; however, aortic insufficiency 
and aortic valve thickening were noted (Fig. 2). One 
month later, catheterization of the right and left sides of 
the heart showed the following pressures: mean right 
atrium 6 mm Hg, pulmonary artery 30/20 mm Hg, pulmo- 
nary capillary wedge 14 mm Hg, and left ventricle 156/52 
mm Hg. Aortography showed an enlarged ascending aorta 
and 4/4 aortic insufficiency. Left ventricullography 
showed a well-contracting enlarged ventricle. Results of 
coronary arteriography were normal. Six months after the 
pateint was first admitted to the hospital, he underwent 
surgery. Inspection showed an enlarged left ventricle with 
reduced contractility; a tricuspid aortic valve with normal 
left and noncoronary cusps was found. The right coronary 
cusp was torn all the way from its attachment to the aortic 
wall. All three cusps had residual vegetations at the point 
of coaptation of the aortic valve cusps. The aortic valve 
was excised and replaced by an H 23 Carpentier-Edwards 
aortic prosthesis. 

Streptococcus bovis, a group D streptococcus, is a 
recognized cause of bacterial endocarditis.” * It was first 
described by MacNeal and Blevins‘. As summarized by 
Beeching et al.,° 65% of the reported cases of S. bovis 
bacteremia are found to have bacterial endocarditis. This 
finding emphasizes the need for a thorough cardiologic 
evaluation of every patient with S. bovis bacteremia, as 
was the case in our patient in whom, after S. bovis 
bacteremia was found, echocardiography showed aortic 
vegetation 1 week before the development of regurgitant 
murmur. The relative incidence of S. bovis endocarditis 
was evaluated by Parker and Ball,® who found that S. 
bovis endocarditis accounted for 17% of all cases of 
streptococcal endocarditis and 60% of all group D strep- 
tococcal endocarditis. S. bovis is a common cause of 
bacterial endocarditis, such as enterococci.’ The clinical 
features of S. bovis endocarditis are of subacute onset, and 
the prognosis is good because of the high degree of 
sensitivity to penicillin.*® Also, it has been reported that 
S. bovis endocarditis can be treated with penicillin 
alone.!*1° 

The majority of cases of S. bovis bacteremia have been 
associated with abnormalities of the gastrointestinal 
tract. 2 In a large number of mainly retrospective studies 
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it was estimated that malignant or potentially malignant 
tumors can be detected in up to 80% of patients with S. 
bovis bacteremia." However, extraintestinal sites of 
infection with S. bovis, such as areas of dental or surgical 
manipulation or the genitourinary tract, were identified 
less commonly.” Nonmalignant intestinal sources of S. 
bovis bacteremia have been reported repeatedly; the most 
common lesions are colorectal diverticula’*"* and villous 
adenoma.” !8 Less frequent causes include gastric polyps’ 
or lymphoma," duodenal diverticulosis, inflammatory 
bowel disease,’ and hemorrhoids.’ 

Enterococci are the predominant streptococci isolated 
from feces. However, S. bovis has been isolated from the 
feces of 10% of healthy human subjects,” but the fecal car- 
riage rate is increased to 56% in patients with carcinoma of 
the colon. It is questionable whether the presence of carci- 
noma of the colon promotes the carrier state for S. bovis or, 
alternatively, whether S. bovis has a role in predisposition 
to carcinoma of the colon. In conclusion, the presence of S. 
bovis bacteremia requires careful cardiologic assessment to 
detect or exclude endocarditis. A rigorous exclusion of 
colonic neoplasia is then essential according to the litera- 
ture reviewed. This is the first known report of an 
association between colonic villous adenoma polyp and 
leiomyoma and S. bovis endocarditis. 
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Fig. 1. Views of right ventricular inflow tract from two-dimensional echocardiographic study. A, Round 
mass (arrow) is shown within right ventricular cavity, underneath tricuspid valve plane. B, Appearance of 
right ventricular chambers after total removal of mass; reconstructed tricuspid valve apparatus can be 
seen. TV, Tricuspid valve; ptl, posterior tricuspid leaflet; atl, anterior tricuspid leaflet; apm, anterior 
papillary muscle reanchored to anterior free wall; Ao, aortic root; RA, right atrium. 
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Fig. 2. Intraoperative views from right atrium through tricuspid valve orifice. A, Mass can be seen 
(arrow) lying within right ventricular cavity and lifting tricuspid valve apparatus. B, Huge mass exposed 
through valve before complete resection. RV, Right ventricular cavity; TV, tricuspid valve apparatus. 


Heterotopic islands of thyroid tissue have been described 
in the parietal pericardium,'* but they are rarely present 
within the heart. Some reports have described their 
occasional presence in animals’ and in patients who died 
of other causes.** There has been only one report of a case 
in which a clinical diagnosis was possible. We report a 
second case of benign intracardiac thyroid mass that was 
identified and successfully excised during life. 

A 59-year-old man was evaluated at our institution 
because of recent onset of palpitations and dizziness. 
Medical history was otherwise unremarkable; neither 
reduction in exercise tolerance nor other symptoms were 
reported by the patient. At the time he was initially seen, 
the patient was in good general condition. Results of 
physical examination showed a low-grade systolic murmur 
on the tricuspid area suggestive of regurgitation and a 


grade 2/6 systolic ejection murmur along the left sternal 
border. Results of chest x-ray examination showed a slight 
increase of the right ventricular outflow tract. ECG 
showed complete right bundle branch block with frequent 
premature ventricular beats of left bundle branch block 
morphology. Repeat 24-hour ECG showed frequent mono- 
morphic premature ventricular beats with asymptomatic 
runs of nonsustained ventricular tachycardia. Two-dimen- 
sional echocardiography (Fig. 1, A) showed an ovoid mass, 
measuring nearly 5 cm, subtotally obstructing the right 
ventricular cavity, attached to the right side of the 
ventricular septum. No pedicle was clearly identified. 
During the cardiac cycle the mass showed a slight to- 
and-fro movement toward the outflow tract. The right 
ventricular chamber was enlarged. The tricuspid valve 
apparatus appeared distorted and showed prolapse of the 
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Fig. 3. Gross and histologic appearance of mass. A, Cut surface of mass. B, Photomicrograph showing 
thyroid follicles (T) adjacent to myocardial tissue (M). 


septal leaflet and “tearing” of the anterior leaflet. Results 
of Doppler examination showed a moderate degree of 
tricuspid regurgitation. The left cardiac chambers and 
structures were normal in size and configuration. 

The patient underwent open-heart surgery with cardio- 
pulmonary bypass. On external inspection, the right ven- 
tricular free wall was protruding anteriorly. The right 
atrium was opened and the ovoid mass was exposed 
through the tricuspid valve (Fig. 2). It showed a broad 
base attached to the trabecular portion of the septum. The 
anterior papillary muscle and septal chordae were lifted 
and deformed by the mass. The mass was excised with a 
rim of normal muscle of the ventricular septum. The 
previously resected papillary muscle and chordae were 
anchored to the anterior free wall. The dilated tricuspid 
valve anulus was corrected by De Vega annuloplasty. The 
patient recovered uneventfully. Arrhythmias were no 
longer detected. The integrity of the tricuspid valve 


apparatus was well preserved (Fig. 1, B), and only mild 
regurgitation of no clinical importance was still noticeable 
during Doppler examination. The excised mass was ovoid, 
had a dense fibrous capsule with an irregular external 
surface, and measured 6 X 5 X 4 cm. Neither the charac- 
teristic jelly-like appearance of myxomas nor the macro- 
scopic features suggestive of neoplasm were present. 
Microscopically, the mass was composed of thyroid col- 
loid-containing follicles of variable size, focal hemorhages, 
and fibrosis. No area of neoplastic degeneration was noted 
(Fig. 3). Results of thyroid function tests (T, T,, TSH, 
FT;, and FT,,) were within normal limits. A ™I scan 
showed a nonfunctioning nodule in the thyroid gland and 
no evidence of other ectopic foci. On echographic exami- 
nation the nodule appeared to be a single round cyst with 
an irregular inner wall surface. To exclude the presence of 
primitive neoplasm in the thyroid gland, which could 
represent the source of metastatic spread, the nodule was 
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surgically removed and examined. It appeared to be a 
macrofollicular adenoma with cystic evolution. Thus, all 
data collected were consistent with the diagnosis of intra- 
cardiac ectopic thyroid remnants, and the primitive neo- 
plastic or metastatic nature of the mass could be excluded. 
Twelve months later the patient was well, and two- 
dimensional echocardiography showed no evidence of 
cardiac sequelae. Results of thyroid function tests 
remained normal and the echographic morphology of the 
thyroid residual in the neck was also unchanged. 

Benign ectopic thyroid remnants within the myocardi- 
um are a very rare occurrence. There are only three other 
reported cases in the literature.*® In two, the finding was 
made at autopsy.* 5 In the third report, the mass was found 
during two-dimensional echocardiography in a living 
patient.’ In the latter patient the mass measured 2 X 2 X 1 
cm, and the main complaint was a slight decrease in 
exercise tolerance. An uneventful recovery followed surgi- 
cal excision. Our patient is the second reported case of 
ectopic thyroid remnants within the heart diagnosed 
during life and successfully excised. Despite the huge 
dimensions of the mass, the hemodynamic impairment 
was minimal. Major complaints were related to ventricular 
ectopic activity. Correct identification of the mass by 
two-dimensional echocardiography allowed the patient to 
undergo surgery without catheterization. After complete 
removal of the mass, arrhythmias could no longer be 
detected, and the patient recovered uneventfully. Because 
of the distortion of the tricuspid valve apparatus caused 
by the mass, mild regurgitation persisted despite careful 
surgical attempts to reconstruct the integrity of the valve, 
chordae, and papillary muscle. 

The thryoid gland takes its origin from a single down- 
growth of entoderm from the pharyngeal floor. Initially 
this downgrowth is a hollow tube, but it soon becomes 
solid as it migrates caudally. Because the primitive heart 
slips caudally past the primitive thyroid, remnants of 
thyroid anlage may be displaced into the mediastinum, to 
the aortic arch, pericardium, myocardium, and dia- 
phragm. Ectopic thyroid tissue is usually an incidental 
finding; only rarely does it reach sufficient size to become 
evident clinically and thus be confused with a tumor. 
Thyroid remnants found within the myocardium seem to 
be located on the right side of the ventricular septum, and 
the growth occurs toward the right ventricular cavity and 
its outflow tract. However, this is often also the site of 
metastatic cardiac tumors, namely, thyroid carcinoma. 
Therefore, a precise histologic exclusion of malignant cells 
within the mass, a complete morphologic and functional 
evaluation of the thyroid gland, and a careful search for 
other detectable sites of metastasis should be carried out. 
In all reported cases the benign ectopic thyroid remnants 
took a long time to grow to a significant degree to become 
clinically evident; this usually occurred during the 
patient’s middle age. Neither malignant transformation 
nor systemic embolization has been reported. Therefore, 
the prognosis should be good. However, the condition can 
be cured surgically, and, in our patient complete resection 
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appeared to be effective in preventing potential fatal 
arrhythmias and relieving tricuspid regurgitation. 
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Exciusive origin of both coronary arteries 
from a hypoplastic right ventricle 
complicating an extreme tetralogy of 
Fallot: Lethal myocardial infarction 
following a palliative shunt 


Otto L. Garcia, M.D., Henry Gelband, M.D., 
Dolores F. Tamer, M.D., and Rita M. Fojaco, M.D. 
Miami, Fla. 


This report describes an infant who had exclusive origin of 
both coronary arteries from a hypoplastic right ventricle 
associated with a severe tetralogy of Fallot. The infant 
underwent a modified Blalock-Taussig procedure and 
subsequently experienced clinical and ECG evidence of a 
myocardial infarction immediately prior to death. 

A 1-day-old, severely cyanotic baby presented with no 
murmur, a single second sound, and a normal heart size 
with decreased vascularity on chest x-ray views. The ECG 
revealed an axis of +60 degrees, right atrial hypertrophy, 
and decreased right ventricular voltages (Fig. 1, A). Cardi- 
ac ultrasonography demonstrated a hypoplastic tricuspid 
valve and marked hypoplasia of the right ventricle. There 
was pulmonary atresia with pulmonary blood flow via the 
patent ductus arteriosus (retrospectively, there were no 
coronary arteries arising from the aortic root). Prostaglan- 
din E, was instituted. Cardiac catheterization confirmed 
the above diagnosis. The tricuspid valve could not be 
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Fig. 1. Thirteen-lead electrocardiogram. A, At age 1 day. B, At day of death, age 3 months (see text). 


traversed, and thus right ventricular hemodynamic mea- 
surements and angiography could not be accomplished. 
Left ventricular angiocardiography failed to demonstrate 
visualization of the coronary vessels. A balloon atrial 
septostomy was performed, and a few hours later the 
patient underwent a modified right Blalock-Taussig shunt 
procedure. He was discharged on digoxin after 10 days. An 
ECG at 6 weeks of age revealed biatrial enlargement as 
well as an increase in left ventricular forces. There was no 
evidence of ST-T wave abnormalities suggestive of myo- 
cardial ischemia. At 3 months of age, the infant experi- 
enced severe “colic,” and over the next 4 hours he became 
markedly diaphoretic with an increasing respiratory rate 
and cyanosis. On emergency evaluation, the infant 
appeared to be in a moribund state. An ECG showed ST 
segment elevations in leads I, aV,, and V, to V,, with 
reciprocal depression of the ST segment in leads III, aVp, 


and Vr. Deep Q waves were also present from leads V, to 
Ve, suggesting an anterolateral myocardial infarction (Fig. 
1, B). Despite all resuscitative measures, the infant died in 
3 hours. 

Postmortem examination confirmed the diagnosis of 
pulmonary atresia with severe tricuspid and right ventric- 
ular hypoplasia. In addition, there was a high subaortic 
ventricular septal defect (VSD). The shunt was patent. 
The left anterior epicardial surface was pale, with soften- 
ing of the apical myocardium. No coronary ostia were 
found originating from the aorta (Fig. 2). The left ventri- 
cle was markedly dilated with a mitral circumference of 
3.4 cm, while the right ventricle had a capacity of only 1 cc. 
The tricuspid anulus measured 1.6 cm. There were myo- 
cardial sinusoids opening into the right ventricular cavity. 
Two of these sinusoids were the origin of the two coronary 
arteries. The left coronary artery surfaced subepicardially 
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Fig. 2. Ascending aorta and hypoplastic right ventricle have been opened. Schematic is shown on the 
right. 1 = Aortic root and lack of the coronary ostia. 2 = High ventricular septal defect. 3 = A probe has 
been inserted distally from the opened left circumflex coronary artery in front of the left atrial appendage. 
The end of the probe protrudes proximally from a sinus opening into the right ventricular chamber. 
4 = Minute cavity of the hypoplastic right ventricle. Hatched area is left ventricular region with softening 


and infarction. 


in front of the origin of the aorta, running transversely 
toward the left atrioventricular groove, where it continued 
as the left circumflex coronary artery. Proximally, two 
small branches arose anteriorly to supply the left ventric- 
ular free wall. The right coronary artery followed its 
normal course in the right atrioventricular groove after 
emerging from the myocardium. A distal branch to the 
right ventricular region traversed intramyocardially, aris- 
ing from the same sinusoid. 

To the best of our knowledge, this is the first case of 
both coronary arteries originating from a hypoplastic right 
ventricle associated with tetralogy of Fallot. There have 
been publications of the absence of one coronary ostium 
from the aorta, with coronary flow from a hypoplastic 
right ventricle in cases with pulmonary atresia and an 
intact ventricular septum.'? In three recent pathologic 
series describing 116 specimens,** eight specimens had an 
absent coronary ostium. Absence of both coronary ostia in 
pulmonary atresia with intact ventricular septum is very 
rare. Only one case has been extensively reported,‘ and in 
the above series of 116 pathologic specimens, only one 
specimen demonstrated absence of both coronary ostia.* 
Two additional cases were suggested in one abstracted 


series’ that were later substantiated by personal commu- 
nication. 

It can only be hypothesized as to the etiology of the 
infarction in this infant. Since the VSD and right ventric- 
ular cavity were the only source of coronary blood flow, 
one factor could have been a decrease in the actual size of 
the VSD (however, at postmortem it appeared large) (Fig. 
2). An additional factor could be a diminution in the size 
of the right ventricular cavity secondary to an increase in 
left ventricular volume following the shunt procedure, 
resulting in rightward displacement of the ventricular 
septum, with impairment of right ventricular volume and 
blood flow to the sinusoids and the coronary arteries. 
Given the implications of the surgical approach, the 
morbidity and mortality in infants with the “hypoplastic 
right heart syndrome,” it is of paramount importance to 
delineate the origin of both coronary arteries by ultraso- 
nography and, if this is not conclusive, by aortography. 
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Carcinoid heart disease presenting as 
right-to-left shunt and congestive heart 
failure:Successful surgical treatment 


David R. Blick, M.D., William A. Zoghbi, M.D., 
Gerald M. Lawrie, M.D., and Mario S. Verani, M.D. 
Houston, Texas 


Carcinoid heart disease usually involves the right side of 
the heart, leading to tricuspid insufficiency and pulmo- 
nary valve stenosis. An unusual type of cyanosis was noted 
in the earliest description of carcinoid heart disease by 
Biorck, Axen, and Thorson in 1952.1 It was later discov- 
ered that the cyanosis was due to peripheral vasomotor 
reactions secondary to vasoactive substances synthesized 
by the tumor. We herein report a case of a patient with 
carcinoid tumor who presented with cyanosis due to a 
right-to-left interatrial shunt in addition to tricuspid and 
pulmonary valvular disease that were successfully cor- 
rected by surgery. 

A 78-year-old woman presented with a 6-month history 
of 30-pound weight loss, fatigue, dyspnea on exertion, and 
ankle edema. The patient had severe cyanosis of the lips, 
oral mucosa, and nail beds without clubbing. The jugular 
veins were distended to 5 cm above the clavicles and had a 
prominent v wave. A grade III holosystolic murmur was 
heard along the left lower sternal border and increased 
with inspiration. The liver had a span of 12 cm and was 
slightly pulsatile. Mild ankle edema was noted. Routine 
laboratory values were normal, with a hemoglobin and 
hematocrit of 14.2 gm/dl and 41.5%, respectively. An 
arterial blood gas determination with the patient breath- 
ing room air revealed severe hypoxemia and compensated 
respiratory alkalosis, with a pH of 7.43, a Pco, of 24 mm 
Hg, and a Po, of 43 mm Hg. Repeat oxygen tension after 
the patient was placed on 100% oxygen with the use of a 
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Table |. Hemodynamic and oximetric findings 








Oximetry 
Hemodynamics (% O, 
(mm Hg) saturation) 
Superior vena 59 
cava 
Inferior vena 64 
cava er 
Right atrium Mean = 14 (v = 23) 57 
(a = 19) 
Right ventricle 50/14 56 
Pulmonary artery 26/12 54 
Pulmonary artery Mean = 10 95 
wedge 
Left ventricle 140/10 76 
Aorta 140/70 





nonrebreathing face mask was 46 mm Hg. A two-dimen- 
sional echocardiogram was performed and showed a left 
ventricle of normal size and function, with an ejection 
fraction of 60%. The right atrium and right ventricle were 
moderately dilated. The tricuspid valve was thickened, 
with restricted motion during both diastole and systole. 
Doppler studies revealed severe tricuspid and pulmonary 
insufficiency, mild tricuspid and pulmonary stenosis. An 
echo-contrast study demonstrated moderate right-to-left 
shunting at the atrial level (Fig. 1). Urinary 5-hydroxyin- 
doleacetic acid was markedly elevated to 76 mg/24 hours 
(normal 2 to 7 mg/24 hours). Computed tomography of the 
abdomen with contrast administration revealed a 7 cm 
ill-defined mass at the posterior aspect of the right lobe of 
the liver that enhanced slightly with contrast material. 
Percutaneous biopsy of the mass showed carcinoid 
tumor. 

Right and left heart pressures and oxygen saturations 
were obtained (Table I). The right atrial pressure tracings 
showed prominent v waves consistent with tricuspid insuf- 
ficiency. There was a 4 mm Hg mean diastolic gradient 
across the tricuspid valve, and a 24 mm Hg peak systolic 
gradient across the pulmonary valve. There was a right- 
to-left shunt at the atrial level with a Qp/Qs of 0.39. A 
pulmonary arteriogram revealed severe pulmonary insuf- 
ficiency and a right ventriculogram disclosed moderately 
severe tricuspid insufficiency. The patient underwent 
surgical closure of the patent foramen ovale and replace- 
ment of both the tricuspid and pulmonary valves with 23 
mm St. Jude Medical prostheses. She had an uneventful 
recovery. The cyanosis disappeared following surgery, and 
arterial blood gases with the patient breathing room air 
revealed a pH of 7.45, a Pco, of 43 mm Hg, and a Po, of 93 
mm Hg. At the last follow-up visit 5 months after surgery, 
the patient remained asymptomatic and without cyano- 
sis. 

Cyanosis without oxygen desaturation has been previ- 
ously reported in association with carcinoid syndrome, 
and is usually attributed to the peripheral action of 


q 


1 


202 Brief Communications 


January 1988 
American Heart Journal 





Fig. 1. Serial echocardiographic frames from the subcostal four-chamber view prior to and following 
intravenous injection of 10 ml hand-agitated saline. Panel A, Prior to contrast effect, note the thickened 
tricuspid leaflets (arrows). Panel B, Early after agitated saline administration, contrast effect is 
predominantly in the right atrium and to a lesser extent in the right ventricle. Contrast crossing through 
the patent foramen ovale from the right atrium to left atrium is outlined by arrows. Panel C, A later frame 
now shows the contrast effect present in all cardiac chambers. Abbreviations: LA = left atrium; LV = left 


ventricle; RA = right atrium; RV = right ventricle. 


vasoactive substances released by the tumor. Stewart et 
al.? reported on a patient with carcinoid syndrome and 
cyanosis with hypoxemia which, they speculated, was 
secondary to intrapulmonary shunting. To our knowledge, 
the present case is the first report of carcinoid heart 
disease with cyanosis due to a documented intracardiac 
right-to-left shunt. The cyanosis and hypoxemia were 
corrected by surgical closure of the patent foramen ovale. 
The elevated right atrial pressure, due to tricuspid and 
pulmonary valve involvement, probably stretched the 
foramen ovale and led to right-to-left shunting. Moreover, 
the magnitude of the shunt may have been increased by a 
reduction in right atrial compliance that has been 
described with carcinoid involvement of the right atri- 
um.® 

Although bioprosthetic valves have a lower propensity 
for thrombosis than mechanical valves, the long-term 
durability of biologic valves when exposed to the metabol- 
ic products of carcinoid tumors has been questioned.‘ 


DiSesa et al.ë reported on the autopsy findings of a patient 
with carcinoid heart disease who died 49 months after she 
underwent tricuspid valve replacement with a porcine 
xenograft. The patient died from hepatic metastases and 
was found to have a normal xenograft despite several years 
of exposure to the metabolic products of carcinoid tumor. 
However, Schoen et al. have demonstrated the presence 
of fibrous carcinoid plaques on a porcine prosthetic valve 
extending over the valve ring onto the basis of the cusps, 9 
months following surgery in a patient with carcinoid heart 
disease. There are no reports in the literature of carcinoid 
plaques extending onto mechanical prosthesis. Thus, 
implantation of mechanical valve prostheses might be 
preferable to tissue valve prostheses in carcinoid heart 
disease. Thus, a significant shunt at the atrial level should 
be sought in hypoxic patients with carcinoid heart disease 
and should be added to the list of potentially correctable 
complications of carcinoid heart disease. Because of the 
slow evolution of carcinoid tumors, surgical correction of 
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the cardiac abnormalities may improve the quality of life 
and prolong survival. 
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Estimation of maximum oxygen uptake 
from clinical data: Performance of the 
Specific Activity Scale 


Thomas H. Lee, M.D., Jonathan B. Shammash, 

Jorge P. Ribeiro, M.D., Sc.D., L. Howard Hartley, M.D., 
Jane Sherwood, R.N., and Lee Goldman, M.D., M.P.H. 
Boston, Mass. 


Measurement of maximum oxygen uptake (VO,max) dur- 
ing graded exercise testing is considered the optimal 
method for quantifying cardiac reserve,'* but its use has 
been limited by its technical requirements. Unfortunately, 
exercise capacity has not correlated well with symptomat- 
ic status as measured by the New York Heart Association 
criteria.!* Therefore, we prospectively evaluated the cor- 
relation between VO.max and the Specific Activity Scale, 
which assigns patients to functional classes using self- 
reported data on performance of well-defined daily activ- 
ities with estimated metabolic costs.* 5 

Methods. We studied 36 consecutive patients who 
underwent graded exercise testing with measurement of 
VO.max at Brigham and Women’s Hospital during July 
and August, 1984 (10 patients) and July to September, 
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1986 (26 patients). Patients began exercise testing by 
pedalling a bicycle ergometer at 60 rpm without resis- 
tance. Resistance was increased every 3 minutes by 15 to 
30 W until symptoms (dyspnea, fatigue, or chest pain) 
prevented maintenance of the pedalling rate. A metabolic 
measurement system (Sensor Medics, Anaheim, Calif) was 
used to assess VO,max, which was defined as the peak rate 
of oxygen uptake expressed as milliliters per minute per 
kilogram of body weight. 

Patients were placed into one of the four Specific 
Activity Scale classes on the day of the test by two 
independent interviewers who were not involved in the 
patient’s care and who were blinded to the results of both 
the exercise test and the other interview. During the first 
phase (1984), both interviewers were physicians, while 
during the second phase (1986), both interviewers were 
non-physicians without prior medical experience. Ques- 
tions were administered in the form of a flow chart (Fig. 
1), leading to classification of all patients, usually within 1 
minute. Patients were asked whether they could perform 
the specified activities “at a normal rate.” Thus, a patient 
who could not walk downstairs at a normal rate but could 
shower without help would be classified as class III. 
Weights were clarified with examples, such as the compar- 
ison of 24 pounds to the weight of small child or to a bag of 
groceries. 

Interobserver reproducibility of the Specific Activity 
Scale was expressed by calculating the unweighted kappa 
statistic (k), which ranges from —1 to +1 (+1 represents 
perfect agreement, 0 chance agreement, and —1 perfect 
disagreement). Linear regression analysis was used to 
examine the correlation between Specific Activity Scale 
class and exercise test variables including: VO max, peak 
systolic blood pressure (maxSBP), maximum heart rate 
(maxHR), and the product of maxSBP and maxHR. For 
cases in which the two interviewers disagreed on the 
Specific Activity Scale class, an average of their two 
results was used in the regression analyses. Because 
reasons for stopping exercise might differ in patients with 
ischemic heart disease, the regression analysis was re- 
peated on patients without this diagnosis. 

Results. The 36 patients had a mean age of 51.3 + 15.7 
years; 22 (61%) were men. Of these 36 patients, 25 (69% ) 
had diagnoses of congestive heart failure, seven (19% ) had 
ischemic heart disease, and four (11%) were normal 
volunteers. The 25 patients with diagnoses of congestive 
heart failure included eight patients who were post cardiac 
transplantation. At exercise testing, the mean VO.max of 
these 36 patients was 15.3 + 6.3 ml/min-kg, maxHR was 
128 + 28 bpm, and maxSBP was 146 + 30 mm Hg. 

The two interviewers agreed on the Specific Activity 
Scale class for 29 (81%) of the 36 patients and differed by 
one class in the other seven cases. The rate of agreement 
when both interviewers were physicians (90%) was not 
significantly different from the rate when both interview- 
ers were nonphysicians (77%). These data yielded an 
unweighted kappa statistic (k) for interobserver variabili- 
ty of 0.72. 

Regression analysis showed a strong correlation of 
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Fig. 1. The Specific Activity Scale. The scale is administered by asking Question 1 and, if the answer is 
“yes,” proceeding to the set of questions on the left, or, if the answer is “no,” by asking the set of questions 
on the right. If, for example, the patient answers “no” to all of the questions under 2a, the patient is placed 
in class III. If the patient answers “yes” to any of these questions, Questions 2b are used to place the 


patient in either class I or class II. 


VOmax with Specific Activity Scale class (r = 0.75; 
p < 0.0001). The regression equation describing the rela- 
tionship of VO,max and Specific Activity Scale class was: 
VO.max = 25.9 — (4.76) X (Specific Activity Scale class). 
VO.max is expressed as ml/min-kg, and Specific Activity 
Scale classes are expressed as values ranging from 1 to 4. 
Regression analysis of data from the 29 patients without 
ischemic heart disease yielded a nearly identical regres- 
sion equation with r = 0.72. Specific Activity Scale class 
was also significantly correlated with maxHR (r = 0.51; 
p < 0.01), maxSBP (r = 0.38; p < 0.05), and their product 
(r = 0.62; p < 0.0001). 

Comment. These data demonstrate that self-reported 
information on ability to perform daily activities as 
expressed through the Specific Activity Scale is highly 
reproducible when the scale is used by both physicians 
and non-physicians who are not familiar with the patient, 
and correlates faily well with measured VO,max. Thus, 
although a four-tier classification scheme cannot be 
expected to predict a continuous variable such as VO,.max 
with precision, this scale may play a complementary role 


to formal exercise testing, allowing low-cost assessments 
of functional status that can be understood and dupli- 
cated by clinicians outside of investigational settings. 
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Dual action 
INOCOR LY. avenone 


Inotropic plus 
vasodilating action 
in a single drug. 


INOCOR LV. rapidly helps 
achieve major goals of congestive 
heart failure therapy even in the 
ischemic patient. 

INOCOR LV. increases 
cardiac output and decreases 
preload and afterload without 
increasing MVO, or significantly 
increasing the risk of 
arrhythmias. 

“INOCOR is not like catechol- 
amines....with INOCOR the 
pump works better without 
tachycardia and...without 
raising MVO,.”* 


Karl T. Weber, M.D. 
University of Chicago School of Medicine 
Michael Reese Hospital and Medical Center 
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n=8. All patients had severe congestive heart failure due to coronary 
artery disease. Amrinone was infused at 2.5 mg/kg over 1 hour. Adapted 
from Benotti et al.’ 

Please see last page for important product information concerning 
contraindications, adverse reactions, patient selection, and precautionary 
recommendations 
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= INOCORINM 
Two-in-one dual inotropic 
and vasodilator action 
provides improved therapy 


for the patient, with 
acute heart failure. 


W Unlike catecholamines, INOCOR W Unlike catecholamines, INOCOR 


does not increase MVO, and can 
be used in ischemic patients with 


heart failure. 


Please consult full product information before prescribing. A summary follows. 
INOCOR lactate injection, brand of amrinone lactate, represents a new class of 
cardiac inotropic agents with vasodilator activity. distinct from digitalis 

lycosides or catecholamines 

IDICATIONS AND USAGE (/NOCOR lactate injection is indicated for the 
short-term management of congestive heart failure in patients who can be 
closely monitored and who have not responded adequately to digitalis, 
diuretics, and/or vasodilators) 

INOCOR lactate injection is indicated for the short-term management of 
congestive heart failure. Because of limited experience and potential for serious 
adverse effects (see ADVERSE REACTIONS), INOCOR should be used only in 
Patients who can be closely monitored and who have not responded adequately 
to digitalis, diuretics, and/or vasodilators. Although most patients have been 
studied hemodynamically for periods only up to 24 hours, some patients were 
studied for longer periods and demonstrated consistent hemodynamic and 
clinical effects. The duration of therapy should depend on patient 
responsiveness 

RAINDICATIONS INOCOR lactate injection is contraindicated in patients 
who are hypersensitive to it 

It is also contraindicated in those patients known to be hypersensitive to 

bisulfites. 
PRECAUTIONS General: INOCOR lactate injection should not be used in 
patients with severe aortic or pulmonic valvular disease in lieu of surgical relief 
of the obstruction. Like other inotropic agents, it may aggravate outflow tract 
obstruction in hypertrophic subaortic stenosis. 

During intravenous therapy with INOCOR lactate injection, blood pressure 
and heart rate should be monitored and the rate of infusion slowed or stopped in 
patients showing excessive decreases in blood pressure 


Patients who have received vigorous diuretic therapy may have insuffi- 


cient cardiac filling pressure to respond adequately to INOCOR lactate injection 
in which case cautious liberalization of fluid and electrolyte intake may be 
indicated 

Supraventricular and ventricular arrhythmias have been observed in the 
very high-risk population treated. While amrinone per se has not been shown to 
be arrhythmogenic, the potential for arrhythmia, present in congestive heart 
failure itself, may be increased by any drug or combination of drugs. 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 
REACTIONS) 
LABORATORY TESTS Fluid and electrolytes: Fluid and electrolyte changes 
and renal function should be carefully monitored during amrinone lactate 
therapy, Improvement in cardiac output with resultant diuresis may necessitate 
a reduction in the dose of diuretic. Potassium loss due to excessive diuresis 
May predispose digitalized patients to arrhythmias Therefore, hypokalemia 
should be corrected by potassium supplementation in advance of or during 
amrinone use. 
DRUG INTERACTIONS In a relatively limited experience, no untoward clinical 
manifestations have been observed in patients in whom INOCOR lactate 
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injection was used concurrently with the following drugs: digitalis glycosides, 
lidocaine, quinidine, metoprolol, propranolol; hydralazine, prazosin, isosorbide 
dinitrate, nitroglycerine; chlorthalidone, ethacrynic acid, furosemide, hydrochio- 
rothiazide, spironolactone, captopril, heparin, warfarin, potassium supple- 
ments, insulin, diazepam. 

One case of excessive hypotension was reported when amrinone was 
used concurrently with disopyramide. 

Until additional experience is available, concurrent administration with 
Norpace® disopyramide should be undertaken with caution. 
USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended 
for use in acute myocardial infarction 
USE IN CHILDREN Safety and effectiveness in children have not been 
established. 
USE IN PREGNANCY Pregnancy category C in New Zealand white rabbits, 
amrinone has been shown to produce fetal skeletal and gross external 
malformations at oral doses of 16 mg/kg and 50 mg/kg that were toxic for the 
rabbit. Studies in French Hy/Cr rabbits using oral doses up to 32 mg/kg/day did 
Not contirm this finding. No malformations were seen in rats receiving amrinone 
intravenously at the maximum dose used, 15 mg/kg/day (approximately the 
recommended daily IV dose for patients with congestive heart failure). There are 
no adequate and well-controlled studies in pregnant women. Amrinone should 
be used during pregnancy only if the potential benefit justifies the potential risk 
to the fetus. 
USE IN NURSING MOTHERS Caution should be exercised when amrinone is 
administered to nursing women, since it is not known whether it is excreted in 
human milk 
ADVERSE REACTIONS Thrombocytopenia: Intravenous INOCOR lactate 
injection resulted in platelet count reductions to below 100,000/mm: in 2.4% of 
patients. 
Gastrointestinal effects. Gastrointestinal adverse reactions reported with 
INOCOR lactate injection during chnical use included nausea (1.7%), vomiting 
(0.9%), abdominal pain (0.4%), and anorexia (0.4%) 
Cardiovascular effects. Cardiovascular adverse reactions reported with 
INOCOR lactate injection include arrhythmia (3%) and hypotension (1.3%). 
Hepatic toxicity: In dogs, at {V doses between 9 mg/kg/day and 32 mg/kg/day 
amrinone showed dose-related hepatotoxicity manifested either as enzyme 
elevation or hepatic cell necrosis or both. Hepatotoxicity has been observed in 
man following ong tem oral dosing and has been observed, in a limited 
expenence (0.2%), following IV administration of amrinone 
Hypersensitivity: There have been reports of several apparent hypersensitivity 
reactions in patients treated with oral amrinone for about two weeks. Signs and 
symptoms were variable but included pericarditis, pleuritis, and ascites (one 
case), myositis with interstitial shadowing on chest x-ray and elevated 
sedimentation rate (one case), and vasculitis with nodular pulmonary densities, 
hypoxemia, and jaundice (one case). The first patient died, not necessarily of 
the possible reaction, while the last two resolved with discontinuation of 
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does not significantly increase risk 
of arrhythmias (see Precautions). 


therapy. None of the cases were rechallenged, so attribution to amrinone is r 
certain, but possible hypersensitivity reactions should be considered in a 
patient maintained for a prolonged period on amrinone. 
General: Additional adverse reactions observed in intravenous amrino 
clinical studies include fever (0.9%), chest pain (0.2%), and burning at the site 
injection (0. oe 
OVERDOSAGE Doses of INOCOR lactate injection may produce hypotensi 
because of its vasodilator effect. If this occurs, amrinone administration shot 
be reduced or discontinued. No specific antidote is known, but gene 
measures for circulatory support should be taken. 
MANAGEMENT OF ADVERSE REACTIONS Platelet count reductio 
Asymptomatic platelet count reduction (to less than 150,000/mm3) may 
reversed within one week of a decrease in drug dosage. Further, with no chan 
in drug dosage, the count may stabilize at lower than predrug levels without a 
Clinical sequelae. Predrug platelet counts and frequent platelet counts duri 
therapy are recommended to assist in decisions regarding dosa 
modifications 

Should a platelet count less than 150,000/mm? occur, the tollow 
actions may be considered 
e Maintain total daily dose unchanged, since in some cases counts have eit 

Stabilized or returned to pretreatment levels 
e Decrease total daily dose. 
© Discontinue amrinone if, in the clinical judgment of the physician, risk excet 
the potential benefit 

Gastrointestinal side effects: While gastrointestinal side effects were st 
infrequently with IV therapy, should severe or debilitating ones occur, 
physician may wish to reduce dosage or discontinue the drug based on 
usual benefit-to-risk considerations. 
Hepatic toxicity: \n clinical experience to date with IV administration, hep 
toxicity has rarely been observed. If acute marked alterations in liver enzyrr 
occur together with clinical symptoms, suggesting an idiosyncratic hyoerse: 
tivity reaction, amrinone therapy should be promptly discontinued 

If less than marked enzyme alterations occur without clinical symptoi 
these nonspecific changes should be evaluated on an individual basis. 7 
clinician may wish to continue amrinone and reduce the dosage or discontir 
the drug based on the usual benefit-to-nisk considerations 
HOW SUPPLIED Ampuls of 20 mL sterile, clear yellow solution containi 
INOCOR 5 mg/mL, box of 5 (NDC 0024-0888-20). Each 1 mL contains INOC 
lactate equivalent to 5-mg base and 0.25 mg sodium metabisulfite in water 
injection. 


1. Benotti JR, Grossman W, Braunwald E, et al: Effects of 
amrinone on myocardial energy metabolism and 
hemodynamics in patients with severe congestive heart 
failure due to coronary artery disease. Circulation 
1980;62:28-34 
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Mosby’s specialty publications bring important medical literature to more than 226,000 worldwide subscribers throughout the year. 
Mosby journals provide information that progressive physicians need to stay abreast of the latest developments in their specialty. 


Sample copies of journals are available. 


* THE JOURNAL of ALLERGY and CLINICAL 
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Monthly. Institutions: $100.00; Individuals: $47.50; 
Students, residents: $32.00. Official publication of the 
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* AMERICAN JOURNAL of OBSTETRICS and 
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hen you consider Coronary Heart Disease (CHD) risk reduction, 


The lipid effects 
of thiazide diuretics may 
negate their positive 


antihypertensive effect. 
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Initiate Positrve Action 
with Minipress 


First-line control of 
hypertension without the 
negatives of diuretics 


Minipress and diuretics both 
deliver effective first-line blood 
pressure control. But unlike 
thiazide diuretics, Minipress 
does not compromise lipid 
metabolism! *; additionally, 
potassium balance’ and diabetes 
control are not compromised $:? 
And sexual dysfunction is 
seldom a problem with 
Minipress$ Impotence has been 
reported but in less than 1% of 
patients on Minipress. 


(prazosin HC) 


With Minipress, most 
common adverse reactions, 


generally mild and transient, are: 


dizziness, headache, drowsiness, 
palpitations, and nausea. 
Syncope has.been reported in 
about 0.15% of patients at the 
recommended | mg initial dose. 
Fluid retention may occur. 


Minipress. 
The positive first-line 
approach to hypertension. 
Instead of diuretics. 


Minipre 


(Prazosin HCI) 





















Thiazide 
Diuretics 






Controls 
Hypertension 






No adverse effect on 
Blood Lipids 


No adverse effect on 
Potassium Balance 










Does not 
compromise 
Glucose Tolerance 






Rarely 
compromises 
Sexual Function 


ipre SS 
Capsules Img, SS omg 


Please see MINIPRESS® (prazosin HCI) brief summary on adjacent page. 
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mma: 
MINIPRESS (prazosin hydrochloride) CAPSULES For Oral Use 
INDICATIONS AND USAGE: MINIPRESS (prazosin hydrochloride) is indicated in the treatment ot hyper- 
tension. It is mild to moderate in activity and can be used as the initial agent or in a general treatment pro- 
gram in conjunction with a diuretic and/or other antihypertensive drugs as needed. 
CONTRAINDICATIONS: None known 
WARNINGS: MINIPRESS may cause with sudden loss of consciousness. In most cases 
this is believed to be due to an exc postural hypotensive effect, although occasionally the 
erase episode has been preceded by a bout of severe tachycardia with heart rates of 120- 
160 beats per minute. Syncopal episodes have usually occurred within 30 to 90 minutes of the 
initial dose of the drug; occasionally they have been reported in association with rapid dosa 
increases or the introduction of another antihypertensive drug into the regimen of a patient tak- 
ing high doses of MINIPRESS. The incidence of syncopal episodes is approximately 1% in pa- 
tients given an initial dose of 2 mg or greater. Clinical trials conducted during the investigational 
phase of this drug suggest that syncopal episodes can be minimized by limiting the initial dose 
of the drug to 1 mg, by subsequently increasing the dosage slowly, and by introducing any ad- 
ditional antihypertensive drugs into the patient's regimen with caution (use DOSAGE AND 
ADMINISTRATION). Hypotension may develop in patients given MINIPRESS who are also re- 
ceiving a beta-blocker such as propranolol. 

Hf syncope occurs, the patient should be placed in the recumbent position and treated supportively as 
necessary. This adverse effect is self-limiting and in most cases does not recur after the initial period of 
therapy or during subsequent dose titration. The patient should also be cautioned to avoid situations where 
injury could result should syncope occur during the initiation of MINIPRESS therapy. 

PRECAUTIONS: /nformation for Patients: Dizziness or drowsiness thay occur after the hrst dose of this 
medicine. Avoid driving or performing hazardous tasks for the first 24 hours after taking this medicine or 
when the dose is increased. Dizziness, lightheadedness or fainting may occur, especially when rising from 
a lying or sitting position. Getting up slowly may help lessen the probiem. These effects may also occur if 
you drink alcohol, stand for long periods of fime: exercise, or if the weather is hot. While taking MINIPRESS, 
be careful in the amount of alcohol you drink. Also, use extra care during exercise or hot weather, or if stand- 
ing for long periods. Check with your physician if you have any questions. 

Drug Interactions: MINIPRESS has been administered without any adverse drug interaction in limited 
clinical experience to date with the following: (1) cardiac glycosides- digitalis and digoxin; (2) hypogly- 
cemics-insulin, chlorpropamide, phenformin, tolazamide, and tolbutamide; (3) tranquilizers and seda- 
tives-chlordiazepoxide, diazepam, and phenobarbital; (4) antigout-allopurinol, colchicine, and 
probenecid; (5) antiarrhythmics—procainamide, propranolol (see WARNINGS however), and quinidine; and 
(6) analgesics, antipyretics and anti-inflammatories-propoxyphene, aspirin, indomethacin, and 
phenylbutazone. 

Addition of a diuretic or other antihypertensive agent to MINIPRESS has been shown to cause an additive 
hypotensive efect. 

Drug/Laboratory Test Interactions: False positive results may occur in screening tests for pheochro- 
mocytoma in patients who are being treated with prazosin. It an elevated VMA is found, prazosin should be 
discontinued and the patient retested after a month. 

Laboratory Tests: in clinical studies in which lipid profiles were tollowed, there were generally no adverse 
changes noted between pre- and post-treatment lipid levei 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No carcinogenic potential was demonstrated 
in an 18 month study in rats with MINIPRESS (prazasin hydrochloride) at dose levels more than 225 times 
the usual maximum recommended human dose of 20 mg per day. MINIPRESS was not mutagenic in in vivo 
genetic toxicology studies. In a fertility and general reproductive performance study in rats, both males and 
females, treated with 75 mg/kg (225 times the usua? maximum recommended human dose), demonstrated 
decreased fertility while those treated with 25 mg/kg (75 times the usual maximum recommended human 
dose) did not 

In chronic studies (one year or more) of MINIPRESS in rats and dogs. testicular changes consisting of 
atrophy and necrosis occurred at 25 mg/kg/day (75 times the usual maximum recommended human dose) 
No testicular changes were seen in rats or dogs at 10 mg/kg/day (30 times the usual maximum recom- 
mended human dose). in view of the testicular changes observed in animals, 105 patients on long term 
MINIPRESS therapy were monitored for 17-ketosteraid excretion and no changes indicating a drug effect 
were observed. In addition, 27 males on MINIPRESS tor up to 51 months did not have changes in sperm 
morphology suggestive of drug effect. 

Usage In Pregnancy: Pregnancy Category C: There are no adequate and well controlled studies which 
establish the safety of MINIPRESS (prazosin HCI) in pregnant women. MINIPRESS should be used during 
pregnancy only if the potential benefit justifies the potential risk to the mother and fetus 

Nursing Mothers: MINIPRESS has been shown to be excreted in smal! amounts in human milk. Caution 
should be exercised when MINIPRESS is administered to a nursing woman 

Usage in Children: Salety and effectiveness in children have not been established 

ADVERSE REACTIONS: Clinical trials were conducted on more than 900 patients. During these trials and 
subsequent marketing experience, the most frequent reactions associated with MINIPRESS therapy are: diz- 
ziness 10.3%, headache 78%. drowsiness 76%, lack of energy 6.9%, weakness 6.5%, palpitations 5.3% 

and nausea 4.9%. st instances side effects have disappeared with continued therapy or have been 
tolerated with no decrease in dose of drug 

Less frequent adverse reactions which are reported to occur in 1-4% of patients are 

Gastrointestinal: vomiting, diarrhea, constipation; Cardiovascular edema, orthostatic hypotension, dysp- 
nea, syncope, Central Nervous System: vertigo, depression, nervousness; Dermatologic: rash, Genitouri- 
nary: urinary trequency; EENT: blurred vision, reddened sclera, epistaxis, dry mouth, nasal congestion 

In addition, fewer than 1% of patients have reported the h ng (in some instances, exact causal rela- 
tionships have not been established) 

Gastrointestinal: abdominal discomlort and/or pain, liver fi 
vascular: tachycardia, Central Nervous System: paresthesia, 
pecia, lichen planus; Genitourinary: incontinence, impotence, priap 
lever. 

Single reports of pigmentary mottling and serous retinopathy. and a few reports of cataract development 
of disappearance have been reported 
OVERDOSAGE: Should overdosage lead to hypotension, support of the cardiovascular system is of first 
importance. Restoration of blood pressure and normalization of heart rate may be accomplished by keeping 
the patient in the supine position. If this measure is inadequate. shock should first be treated with volume 
expanders. If necessary. vasopressors should then be used. Renal function should be monitored and sup- 
ported as needed. Laboratory data indicate MINIPRESS is not dialysable because it is protein bound. 
DOSAGE AND ADMINISTRATION: The dose of MINIPRESS should be adjusted according to individual 
blood pressure response 
Initial Dose: 1 ma two or three times a day. 

Maintenance Dose: Dosage may de slowly increased to a total daily dose o! 20 mg given in divided doses 
The therapeutic dosages most commonly employed have ranged from 6 mg to 15 mg daily given in divided 
doses. Doses higher than 20 mg usually do not increase efficacy, however a few patients may benefit from 
further increases up to a daily dose of 40 mg given in divided doses. After initial titration some patients can 
de maintained adequately on a twice daily dosage regimen, 
Use With Other Drugs: When adding 4 diuretic or other antihypertensive agent, the dose of MINIPRESS 
Should be reduced to 1 mg or 2 mg three times a day and retitration then carned out 
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nations; Dermatologic: pruritus, alo- 
ism; EENT. tinnitus; Other: diaphoresis, 
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REFINE YOUR 
SPECIAL SKILLS 


NEW! 

CARDIOVASCULAR 
PROCEDURES: Diagnostic 
Techniques and Therapeutic 
Procedures 


By Ara G. Tilkian, M.D., F.A.C.C. and Elaine Kiess 
Daily, R.N., B.S., R-CMT., with 21 consultants and 7 
contributors 
Announcing the definitive text on cardiovascular pro- 
cedures — comprehensive, practical, and up-to-date! 
Covering all aspects, it discusses rationale, explains 
equipment, and provides step-by-step instructions to 
best manage each circumstance. Contains: 
e explicit directives regarding 
preoperative/preprocedure orders 
specific warnings and alerts to possible pitfalls and 
complications 
fully referenced to facilitate further research and 
study 
Elaborately illustrated, this is the guide to help you 
refine your special skills. 
1986. 543 pages, 462 illustrations. (Book Code: 04965) 
$52.50 (U.S.); $72.50 (Can.) 
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When “sudden cardiac death” is not so. 
sudden:Lessons learned from the automatic 


implantable defibrillator 


Thomas Guarnieri, M.D., Joseph H. Levine, M.D., Lawrence S. C. Griffith, M.D., and 


Enrico P. Veltri, M.D. Baltimore, Md. 


The automatic implantable cardioverter defibrilla- 
tor (AICD) was designed to prevent death from 
malignant cardiac tachyarrhythmias.'~ In our 
efforts to accurately evaluate the efficacy of the 
AICD, we have found the terminology pertaining to 
death from cardiac arrhythmia imprecise, and at 
times no longer applicable. Especially difficult has 
been the use of the term “recurrent sudden cardiac 
death” in individuals with an AICD who have had 
what appears to be one or more life-saving out- 
of-hospital discharges. 

The term “recurrent sudden cardiac death” is an 
oxymoron of some proportion; its usage is justifiably 
criticized.* Recently, Eisenberg et al. reiterated the 
definition of “sudden cardiac death”: ...the unex- 
pected cessation of breathing and circulation caused 
by an underlying heart disease.’ Other more appro- 
priate terms, such as recurrent (out-of-hospital) 
cardiac arrest, have been advocated. Nonetheless, a 
central theme remains: precipitous circulatory 
arrest usually caused by ventricular tachycardia/ 
fibrillation. The AICD has apparently reduced the 
rate of this mode of death when compared to 
collected, nonrandomized historical controls.?? . 

In our patients with an AICD who experienced a 
discharge associated with syncope or near syncope 
(and, we assume, malignant arrhythmia), we identi- 
fied a subgroup who subsequently demonstrated 
incessant and refractory ventricular tachycardia/ 
fibrillation. Many of these episodes of tachycardia 
were cardioverted by the AICD. Despite intensive 
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therapy, these patients died, all in hospital. The 
natural history of “recurrent sudden cardiac death” 
was altered by the technology (out-of-hospital car- 
dioversion) provided by the AICD. That is, patients 
survived one or more episodes of out-of-hospital 
“recurrent sudden cardiac death” only to succumb 
to intractable in-hospital ventricular tachycardia. 

In the nosology that pertains to death from 
cardiac arrhythmia, how should these patients with 
now refractory ventricular tachycardia be de- 
scribed? How should the technology of the AICD (or 
other such strategy) be evaluated? Fig. 1 displays 
the percent survival (hence mortality) data in a 
Kaplan-Meyer curve from 180 patients with the 
AICD. The bottom trace shows the sum of mortality 
from all cardiac causes; the top trace shows the 
mortality from all sudden cardiac death (out-of- 
hospital sudden death); the middle trace shows 
mortality from all cardiac arrhythmias. 

We have included in the top trace all patients who 
died out of hospital suddenly, or whose arrest direct- 
ly. resulted in death. We excluded only those 
patients whose autopsy demonstrated another cause 
of death—cerebral hemorrhage for example— 
acknowledging that some individuals who die sud- 
denly will die of noncardiac causes. This curve may 
also include the few patients who die of asystole, 
which should be less of a problem when implanted 
cardioverters include pacemaker capability. These 
acknowledgments, of course, create a “worst case” 
boundary for evaluating the prevention of sudden 
death. Conceptually, this type of curve should repre- 
sent the best anticipated result for an “antirecurrent 
sudden death” device, or strategy. Inherent in this 
curve is the contention that the purpose of this type 
of technology is to safely deliver the patient to 
medical attention. That is, a device or strategy to 
prevent out-of-hospital sudden death must be 
judged by its success in enabling a patient to reach 
medical care and recover. It should be noted that the 
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Fig. 1. Displayed are the percent survival from patients with an AICD, analyzed over approximately 40 


months. 


top trace also includes those individuals who die 
suddenly, and who are found to have a nonfunction- 
ing device (e.g., component failure) on postmortem 
extirpation. 

The middle trace displays all patients who died of 
cardiac arrhythmia, including “sudden cardiac 
death.” The difference between the top and middle 
traces represents the patients whose device allowed 
them to reach medical care in a salvageable state, 
but whose rhythms were ultimately uncontrollable. 
In many of these individuals, the AICD was deacti- 
vated in hospital to preserve battery life. Cardiover- 
sion was performed in a monitored environment. 
These are the patients who represent “recurrent, 
not-so-sudden cardiac death.” We believe these 
individuals represent a new class of patients, who, in 


the absence of an initial life-saving shock, would. 


have been on the top curve. We have chosen to call 
these deaths refractory arrhythmia deaths. This 
curve will move up or down, in large measure, 
depending on our therapy prior to inserting a device 
or implementing a strategy. In general, these 
patients represent a form of end-stage heart disease 
in which the myocardium will not sustain a viable 
rhythm. Unfortunately, we also must include those 
patients whose rhythms were worsened by our treat- 
ment via proarrhythmic effects, including electro- 
lyte imbalance, antiarrhythmic drugs, or other inter- 
ventions. 

The last curve represents the addition of all 
nonarrhythmic cardiac deaths, simply called cardiac 
death. It is the sum of death due to the inexorable 
progression of myocardial or coronary artery disease 
and, importantly, death due to the direct conse- 
quences of inserting the device (visible as the verti- 
cal line at the beginning of the curve). This curve 


includes the risk of death from the technology, 
congestive heart failure, and acute myocardial 
infarction. This curve will move up or down 
depending on the patient population and with the 
type of procedure necessary to insert a device. 

Is the division into three separate curves useful? 
We believe that this type of classification will allow 
us to compare rescue strategies for cardiac arrest 
(top curve), overall management of malignant cardi- 
ac arrhythmias (middle curve), and the morbidity of 
the technologies and underlying disease states (low- 
er curve). It is clear that the gravity of the public 
health problem of sudden cardiac death and costs of 
implementing the strategies alluded to above man- 
date a critical scheme for comparisons and evalua- 
tions. 

The future for patients with serious and life- 
threatening cardiac arrhythmias is getting brighter, 
due in part to the availability of a variety of 
technical modalities, as suggested by the top curve 
of Fig. 1 (approximately 95% survival at 2 years). It 
seems that as our understanding of the processes 
involved in the survival/death of these patients 


- increases, so must our care increase in the words we 


choose to evaluate their treatment. We believe that 
assessing the AICD (or other such technology) 
requires careful analysis of the cause of death. 
Devices of this type will be helpful “back-up” 
devices, but will not eliminate death from cardiac 
arrhythmia. 

In summary, the AICD has been a milestone in 
the prevention of recurrent cardiac arrest. Over the 
6 years since the first insertion of the device at Johns 
Hopkins Hospital, we have followed our patients to 
monitor their cause of death. We have found that 
patients with this type of life-saving device require 
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special attention to classifications of mortality, from 
sudden cardiac arrest, from intractable cardiac 
arrhythmia, and from cardiac death of all other 
causes. Without clearly defining causes of death in 
this population of people, it will be impossible to 
evaluate the efficacy of AICD-like technology. 
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Exercise and sudden cardiac death 


Neil L. Coplan, M.D., Gilbert W. Gleim, Ph.D., and James A. Nicholas, M.D. 


New York, N.Y. 


Studies have shown that regular exercise is associ- 
ated with a substantially lower over-all risk for 
sudden death and cardiovascular mortality.+ How- 
ever, performing exercise is associated with a small 
but statistically significant increase in the risk for 
sudden death.** Siscovick et al.* showed that exer- 
cise is associated with varying degrees of both 
short-term risk and long-term benefit, with the 
magnitude of risk and benefit dependent upon the 
degree of habitual vigorous exercise performed. 

Obstructive coronary artery disease secondary to 
atherosclerosis is the most frequent cause of exer- 
cise-related sudden death in patients over the age of 
35,* whereas hypertrophic cardiomyopathy and 
congenital coronary artery disease are the major 
etiologies underlying exercise-related mortality in 
younger patients.®™! The goal of the clinician is to 
determine the presence and extent of underlying 
disease that may predispose to morbidity and mor- 
tality, and to make a recommendation regarding 
how to maximize benefit and minimize risk from 
exercise. 

Hypertrophic cardiomyopathy. Maron et al." evalu- 
ated the cause for sudden death in 29 highly condi- 
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tioned, competitive athletes, ranging in age from 13 
to 30 years. Autopsy revealed that 50% of the 
patients had hypertrophic cardiomyopathy. Waller’s 
series? showed that 21% of athletes dying during or 
shortly after exercise had hypertrophic cardiomyop- 
athy. 

Patients with hypertrophic cardiomyopathy may 
seek medical advice because of chest pain, dyspnea 
on exertion, or syncope. However, many with hyper- 
trophic cardiomyopathy have no functonal limita- 
tion or symptoms, and sudden death may be the first 
manifestion of disease.” A profile of 71 patients 
with hypertrophic cardiomyopathy who died sud- 
denly showed that 46% were asymptomatic or had 
rare transient symptoms, while another 31% had 
only mild symptoms." Of note, 40% of subjects in 
this series had been engaged in moderate to severe 
exertion at the time of cardiac arrest.*® 

Physical examination may reveal characteristic 
abnormalities of carotid upstroke and apical 
impulse, and a murmur that changes with diagnostic 
maneuvers, but classic findings are frequently not 
present. An abnormal ECG is found in a majority of 
patients with hypertrophic cardiomyopathy,!* 16 1" so 
that a normal ECG is useful for excluding disease." 
It should be noted that the most frequent ECG 
abnormalities are not specific for hypertrophic car- 
diomyopathy and may be seen in athletes without 
cardiac disease.” The diagnosis of hypertrophic 
cardiomyopathy is best made by echocardiography. 
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Fig. 1. Evolution of coronary atherosclerotic disease. A patient with an “early lesion” may have a 
negative exercise test because the obstruction is not hemodynamically significant. Development of a 
“complicated lesion” at a later point could lead to coronary occlusion, with resultant ventricular 
arrhythmia and sudden death. (From Fuster V, et al. J Am Coll Cardiol 1985;5:175B-184B. Reproduced by 


permission.) 


Athletic training may be associated with cardiac 
changes that mimic those of hypertrophic cardiomy- 
opathy.” The two can usually be distinguished, but 
there is a grey zone where differentiation may be 
difficult.” 

Young patients with hypertrophic cardiomyopa- 
thy and patients with history of syncope or a family 
history of sudden death appear to be at increased 
risk for sudden death.” "6?! Ambulatory electro- 
cardiography has identified ventricular tachycardia 
as an indicator of imcreased risk for sudden 
death.” Hemodynamic variables have no predic- 
tive value with respect to risk for sudden 
death.” 18 

Screening for hypertrophic cardiomyopathy is 
controversial. As the young appear to be at increased 
risk for sudden death, it is important to identify 
patients with this disorder as early as possible. 
Although not specific, the ECG is sensitive for 
identifying those with hypertrophic cardiomyopathy 
(particularly in patients with hypertrophic cardio- 
myopathy and sudden death) and is a useful screen- 
ing test. Echocardiography should be performed on 
high-risk patients (i.e., history of syncope, family 
history of hypertrophic cardiomyopathy or sudden 
death, suggestive physical examination or ECG). 
Patients with hypertrophic cardiomyopathy must be 
advised regarding exercise.” 

Congenital coronary anomaly. Congenital anoma- 
lies of the coronary arteries are the second frequent 


cause of exercise-related sudden cardiac death in 
young athletes.* 5 In a combined series, Waller® 
found that 35% of athletes less than 30 years old 
who died during or shortly after exercise had con- 
genital coronary anomaly as the cause of death. 
Origin of the left main coronary artery from the 
right sinus of Valsalva, with passage of the artery 
between the aorta and pulmonary artery,®* is the 
most common coronary artery anomaly in autopsy 
studies following exercise-related sudden death. The 
proposed mechanism for death in this entity is 
closure of the orifice of the left main artery second- 
ary to expansion of the great vessels during exer- 
cise.”*> Less usual coronary anomalies implicated in 
exercise-related sudden death include origin of the 
right coronary artery from the left sinus of Valsalva 
(with the artery coursing between the aorta and 
pulmonary artery), coronary artery hypoplasia, and 
origin of the left main coronary artery from the 
pulmonary artery.™ An intramural coronary 
artery, or myocardial bridge, is of questionable 
importance for sudden cardiac death.” 3 

With the exception of a left main coronary artery 
arising from the pulmonary artery, a coronary artery 
anomaly is rarely suspected during life. Liberthson 
et al.*! reviewed 20 cases of exercise-related death in 
patients with the left coronary artery originating 
from the right sinus of Valsalva, and found that 20% 
had exertional chest pain, syncope, or ventricular 
arrhythmia before death. Roberts% noted that the 
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Fig. 2. Use of exercise ventilatory measurements to derive the heart rate at ventilatory threshold (VTh). 
VTh is located where a nonlinear rise in minute ventilation with respect to oxygen consumption occurs 
during progressive exercise. The corresponding oxygen consumption and heart rate can be derived from 
this graph, and used to formulate an exercise prescription. 


stress ECG, particularly when submaximal, is not a 
reliable test. The two-dimensional echocardiogram 
may be able to evaluate the origin of the left main 
coronary artery. Patients with a coronary artery 
configuration predisposing to sudden death should 
be restricted from exercise.” 

Atherosclerotic coronary artery disease. Over 90% 
of conditioned (defined as exercise performed daily 
or several times per week) patients over the age of 30 
who suffer exercise-related sudden death have ath- 
erosclerotic coronary artery disease. Many adults 
with exercise-related mortality have symptoms or 
are known to have coronary artery disease prior to 
death.’° *33 However, Weaver et al.® studied 23 
survivors of exertion-related sudden death, and 
found that 43% had no prior manifestion of cardio- 
vascular disease. 

The results of an ECG stress test may be valuable 
for diagnosis of coronary disease and assessment of 
prognosis.*+** However, limitations of both a positive 
test and a negative test for identifying asymptomat- 
ic patients at increased risk for sudden death have 


_ been recognized.®™ Asymptomatic patients have a 


5% to 10% risk of having coronary disease, resulting 
in a low predictive value for a positive response.*) 447 
Furthermore, sudden death may occur despite a 
negative exercise test. For example, McHenry et 
al. noted only one case of sudden death over an 
8-year period from among a group of 61 asymptom- 
atic males with abnormal ST segment depression 
during exercise, while sudden death occurred in 7 of 
833 patients who had no abnormal ST depression. 
There are several factors that may explain these 
results. Death may have been secondary to a noncar- 


. diac etiology or to an abnormalty not present at the 


time of testing (i.e., electrolyte disturbance, drug 
use, etc.), or exercise may have been inadequate to 
produce myocardial ischemia. The ECG, a relatively 
insensitive measure of myocardial ischemia, may 
have failed to reflect myocardial ischemia during the 
test. Recent information regarding the pathophysi- 
ology of myocardial infarction and sudden death®™ 
provides another possible explanation for the failure 
of the exercise test to identify a patient at risk for 
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sudden death (Fig. 1). Davies and, Thomas"! found 
that 95 of 100 patients with death due to coronary 
disease had an acute arterial lesion (either thrombus 
or plaque fissuring); 26 of 74 thrombi were found at 
sites without preexisting high-grade stenosis. Thus, 
at the time of the exercise test there may be minimal 
disease, and as a result there is no abnormality 
detected during exercise. Sudden development of a 
complicated plaque and/or platelet deposition and 
thrombus formation could create a critically nar- 
rowed artery,. resulting in myocardial ischemia and 
fatal arrhythmia. 

Besides false negative and false positive tests, 
there are other factors to keep in mind when deter- 
mining the utility of ECG stress testing. The value 
of the test can be increased. by taking into consider- 
ation risk factors for coronary disease, using strin- 
gent ST criteria for a positive test, and by applica- 
tion of multiple exercise test variables (i.e., hemody- 
namic response to exercise, duration of exercise, 
etc.) 5553 Combining the stress ECG with 
another testing modality (e.g., exercise thallium or 
radionucleotide ventriculography) also improves the 
diagnostic and prognostic value of the stress 
test.°2: 45. 46, 49, 63, 64 

The results can also be used to derive an exercise 
prescription.** A review of 25 cases of cardiac 
arrest from among 2,464 patients enrolled in super- 


vised exercise rehabilitation® showed that compli- . 


ance with prescribed training heart rate range was 
lower in patients who sustained cardiac arrest. 
Another study® showed that 9 of 15 patients who 
had sudden death during cardiac rehabilitation were 
exercising in excess of 85% of maximum heart rate. 
Compliance with recommended exercise intensity 
derived from the individual’s response to exertion in 
the exercise laboratory may reduce the risk associat- 
ed with exercise. 

With these considerations in mind, we have 
adopted the following approach. ‘There are data 
suggesting that the person who has not been exercis- 
ing and wants to begin regular exercise is at the 
highest risk for exercise-related mortality.’ It is 
reasonable to test such patients, particularly if there 
are cardiac risk factors or clinical findings suggestive 
of coronary artery disease.“ In addition, patients 
with chronic stable angina are tested to determine 
whether there are indications of.severe disease. 


Following evaluation, an exercise prescription is . 


derived. Based on the physiologic response to exer- 
cise, we feel that measuring ventilatory gases or 
venous lactate during exercise, in addition to follow- 
ing the hemodynamic and ECG response, is the most 
effective means for establishing optimal exercise 
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intensity guidelines.” Exercise above the. lactate 
threshold, identified as the point where there is an 
increase in lactate during incremental exercise, is 
associated with hormonal and metabolic changes 
that may increase the risk of exercise (e.g., elevated. 
catecholamines).”"5 In addition, exercise above the 
lactate threshold is characterized by a reduced 
capacity for sustained work.” Since.there is little 
to gain from an overall fitness perspective by exer- 
cising above this intensity, it seems reasonable to 
recommend that exercise intensity not surpass the 
lactate threshold. Ventilatory measurements made 
during exercise can be used to closely approximate 
the lactate threshold (ventilatory threshold) and 
derive a target heart rate for exercise prescription 
(Fig. 2). 
' We recommend that patients with exercise- -relat- 
ed angina or ischemic ECG changes exercise below a 
heart rate at which evidence of myocardial ischemia 
occurs. The heart rate corresponding to lactate or 
ventilatory threshold should be determined and 
used as the upper limit of exercise for patients with 
negative tests or for patients with signs of myocardi- 
al ischemia at higher heart rates. This approach will 
improve compliance, and may reduce cardiovascular 
risk. during exercise. Care should be taken when 
generalizing the exercise prescription to different 
types of exercise, with consideration of the different 
hemodynamic effects of predominantly arm vs leg 
exercise or static vs dynamic type exercise.”** | 
Summary. There are other causes of exercise- - 
rélated sudden cardiac death (including aortic rup- 
ture, trauma, myocarditis, dilated cardiomyopathy, 
congential prolonged QT syndrome, valvular heart 
disease, and possibly mitral valve prolapse),®?” but 
the disorders described.above account for the major- 
ity of structural cardiovascular disorders: underlying- 
mortality associated with exercise. Clinical evalua- 
tion (i.e., history, physical examination, ECG, chest 
x-ray examination) will identify some patients at 
increased risk. Echocardiography and ambulatory 
ECG monitoring. in selected subjects provide addi- 
tional important information. In particular, one 
should consider performing electrocardiography or 
echocardiography on young athletes in an effort at 
early detection of hypertrophic cardiomyopathy. 
The issue of exercise testing of asymptomatic 
patients as a screening device for coronary artery 
disease remains unsettled. It is important to remem- 
ber the limitations of exercise testing as a screening 
procedure. The information may be useful for iden- 
tifying some high-risk patients, particularly when 
multiple variables are considered. In addition, the 
exercise test can be used to derive an exercise 
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prescription that may aid in reducing exercise- 
related mortality. 


The authors would like to thank Valentin Fuster, M.D., Robert 
Phillips, M.D., and Nicholas DePasquale, M.D., for reviewing this 
manuscript. 
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-Introduction 


` It-is common for patients with coronary artery 
disease and angina pectoris to have additional epi- 
sodes of silent ischemia. Ischemic episodes appear to 
have the same effect on. regional cardiac function 
‘and metabolism, whether or not they result in 
angina pectoris. Accordingly, the term total is- 


chemic burden has been used to reflect the combi- . 


nation of both painful and painless ischemic epi- 
sodes. If cumulative ischemia has important adverse 
effects, then the clinician must pay attention not 


only to episodes of angina but also to silent ischemia. 


. As our knowledge of silent ischemia grows, it is clear 
that thereʻare a number of. unanswered questions. 


One question relates to the pathophysiology of silent _ 


ischemia. Several lines’ of evidence suggest that 
vasoconstriction may play a prominent pathophysi- 
ologic role. This evidence includes: (1) the fact that 


- silent ischemia occurs at heart rates that are gener- . 
ally lower than those associated with angina; (2): 


silent ischemia has a circadian variation with a 
predominance of morning episodes similar to vari- 


ant angina; and (3) positron emission tomography ` 


` studies have shown an absolute decrease in regional 
blood flow in patients with silent ischemia. ` 

With the evidence that silent ischemia may be due 
predominantly to. vasoconstriction, important ques- 
tions arise about the relative benefits of different 
antianginal drugs. In this: supplement, Dr. Cohn 


' reviews the actions of the three groups of antiangi- - 
nal agents—nitrates, beta blockers, and calcium ` 
channel blockers. In patients with angina pectoris, it _- 


appears that all three play an important role in 
reducing anginal episodes, and that synergistic 
effects are frequently seen with combination thera- 
py. In his review, Dr. Cohn raises the possibility that 


the nitrates.and calcium channel blockers will form 


an important component of therapy for ‘silent is- 
chemia and that beta blockers alone may not consti- 


-tute adequate therapy. 


In the second paper of this supplement, ‘Dr. 
Kawanishi et al. evaluate the effects of propranolol 
or nifedipine on both angina and silent ischemia. In ` 
their patient group, they found a lower frequency of 
asymptomatic episodes of ischemia than has been 


-seen in other studies. This may relate to the fact that ` 
‘their patients had mild, chronic stable angina. They 


pointed out that there was a similar reduction in 
both symptomatic and asymptomatic episodes of 

ischemia with the therapy employed. Furthermore, ` 
beneficial effects were seen with either propranolol 
or nifedipine in both symptomatic and asympto- 


-matic episodes., Previous data have already indi- 


cated that nitroglycerin is effective in reducing 
silent ischemia. These data suggest, therefore, that 
the usual antianginal medications that are effective 
in reducing episodes of angina are also going to be 
effective in reducing episodes of silent ischemia. 
Whether agents that interfere with vasoconstriction, 


-such as the nitrates or calcium channel blockers, will 


be more effective than beta blockers is not clear. It 
may well be that Dr. Kawanishi’s patients had mild, 
stable angina without a vasoconstrictive component. 
In patients with more obvious vasoconstriction 
resulting in mixed angina and silent ischemia, it may 
be that the calcium channel blockers or nitrates will 
assume a preferred role. 

The third article in this sapplem ait extends the 
concept of total ischemic burden to the total vascu- 
lar burden. Drs. Opie and Commerford point out 
that vasoconstriction in the coronary circulation and 


' peripheral vasoconstriction leading to hypertension 


reflect a combined vascular burden that may be 
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particularly susceptible to treatment with a calcium 
channel blocker such as nifedipine. Similarly, beta 
blockers and nifedipine may have synergistic effects 
in treating both aspects of this total vascular bur- 
den. 

In summary, these three reports review important 
aspects of both the total ischemic burden and total 
vascular burden seen in selected patients with coro- 
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nary disease and/or hypertension. With regard to 
the total ischemic burden, it appears that all antian- 
ginal agents may have a role in reducing silent 
ischemia. In specific subsets of patients, however, 
the nitrates and calcium channel blockers may hold 
a special place when vasoconstriction plays a promi- 
nent pathogenetic role. , 
William W. Parmley, M.D. 





Total ischemic burden: Effect of vasoactive 


agents 


Treatment of the total ischemic burden is dependent on adequate documentation of both painful 
and painless episodes of myocardial ischemia, an understanding of the pathophysiologic 
mechanisms involved, and knowledge of prognosis for affected patients. Because a 
vasoconstrictive component appears to be an important element in the genesis of many episodes 
of myocardial ischemia, those vasoactive drugs that produce Increased flow in the coronary 
circulation should be clinically useful. Nitrates and calcium blockers—especially 
nifedipine—have been found to be particularly valuable in this regard in both aupnmenial and 


clinical trials. (Am Heart J 1988;115:215.) 


Peter F. Cohn, M.D. Stony Brook, N.Y. 


Physicians are accustomed to thinking of episodes of 
myocardial ischemia strictly as painful events. How- 
ever, recent data! on the prevalence of silent myo- 
cardial ischemia have changed this viewpoint. It is 
more appropriate to consider ischemic events as 
either painful or painless. This concept of the sum 
total of ischemic events, the total ischemic burden,? 
leads us to modify the common categories of prima- 
ry, secondary, and mixed angina into categories that 
better reflect the pathophysiology of ischemia and in 
which “pain” is simply another descriptor—iie., 
those of primary, secondary, and mixed ischemia.? 
Much remains to be learned about the pathophys- 
iologic mechanisms of painless ischemia; the reasons 
for the absence of pain are not. clear. Because 
protocols for documentation of total ischemic activ- 
ity (using stress tests and ambulatory monitoring) 
have been undertaken, prognostic data are accumu- 
lating in all three types of patients with silent 
myocardial ischemia.' Some of the prognostic data 
concern patients who are asymptomatic—those who 
have never had symptoms (type 1) and those who 
have had no symptoms following a myocardial 
infarction (type 2). The latter studies?‘ show that 
there may be an annual mortality rate in excess of 
5% among post-infarction patients with three-vessel 
disease and impaired left ventricular function, and 
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that aggressive therapy may. be required in such 
patients. Initial studies®* in type 3 patients, those 
with angina and silent myocardial ischemia, have 
indicated that the frequency and duration of silent 
myocardial ischemia. adversely affects prognosis in 
patients with unstable angina. 

Prognostic data naturally lead is speculation 
about management options. Since episodes of ische- 
mia have been observed to occur at lower-than- 
expected heart rates duting out-of-hospital activi- 
ties, it has been suggested that-a vasospastic compo- 
nent plays a causative role in these episodes. Hence, 
the use of drugs that affect the coronary circulation 
would appear worthwhile. There are already some 
data indicating that such drugs as. the nitrates and 
calcium blockers are efficacious.”"° How do these 
agents act on the coronary circulation to produce 
beneficial results? 


CORONARY CIRCULATION AND MYOCARDIAL 


- ISCHEMIA 


In most patients, ischemic heart disease is due to 
fixed atherosclerotic obstruction of the coronary 
arteries; medical therapy has been directed toward 
reducing niyocardial oxygen requirements. Howev- 
er, there is evidence that the coronary circulatory 
system is more dynamic than previously thought 
and that alterations in it can.contribute to myocar- 
dial ischemia even in patients with stable exertional 
angina or silent myocardial ischemia. 

Berndt et al." demonstrated that myocardial oxy- 
gen demand at the onset of spontaneous angina of 
the nonvariant type was lower than that at the onset 
of angina induced by atrial pacing.. This suggests 
that primary changes in coronary blood flow rather 
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Fig. 1. Effect of nifedipine on regional myocardial blood 
flow. After nifedipine, flow increased in 21 of 25 regions in 
patients with coronary artery disease and decreased in 
eight of eight regions in normal patients (p < 0.01). Flow 
did not change in one patient with coronary artery disease. 
(Reproduced with permission from Malacoff RF, et al. 
Circulation 1982;65(suppl 1):32-7.) 


than alterations in myocardial oxygen requirements 
might result in spontaneous angina at rest. Maseri et 
al.“ demonstrated that ECG changes suggestive of 
ischemia and angina were preceded by primary 
changes in coronary blood flow. Other investigators 
have shown that such changes in flow also occur in 
patients with stable angina. The cold pressor test 
has been shown to result in inappropriate vasocon- 
striction in patients with coronary artery disease 
who were studied with thermodilution and xenon- 
133 techniques." More recently, percutaneous trans- 
luminal coronary angioplasty has allowed further 
documentation of this sequence in humans: angina 
is always the last event. 


CALCIUM CHANNEL BLOCKERS 


The antianginal effect of nifedipine in patients 
with variant angina has been well documented.“ 
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Fig. 2. Effect of nifedipine on regional coronary vascular 
resistance. After nifedipine, resistance decreased by an 
average of 14.5 + 4.3% in regions distal to significant 
coronary obstruction, and increased by an average of 
5.0 + 1.2% in normal regions (p < 0.05). (Reproduced 
with permission from Malacoff RF, et al. Circulation 
1982;65(suppl 1):32-7.) 


_The proposed mechanism is a selective.action on the 


coronary vasculature that relieves spasm. Nifedipine 
also relieves symptoms in many patients with chron- 
ic stable and unstable angina.” The mechanism of 
action could be either a reduction in myocardial 
oxygen demand or an increase in coronary blood 
supply. 
Results of a study with xenon-133"* demonstrated 
that nifedipine produced a beneficial effect on coro- 
nary blood flow and coronary vascular resistance in 
patients with coronary artery disease under resting, 
nonischemic conditions. Regional myocardial blood 
flow distal to significant coronary lesions increased 
in 21 of 25 regions and did not change in 1 (Fig. 1), 
and regional coronary vascular resistance decreased 
in 22 of 25 regions (Fig. 2). As calculated, regional 
coronary vascular resistance represents the sum of 
arteriolar resistance and epicardial vessel stenosis 
resistance. However, the locus of the effect of nifedi- 
pine may be the distal arteriolar bed, since smooth 
muscle tone in these vessels is responsive to both 
neurohumoral and metabolic input. 
Nifedipine is known to exert both central and 
peripheral effects on the cardiovascular system 
through its interference with excitation-contraction 
coupling. In this study, as in other studies, nifedi- 
pine resulted in arterial smooth muscle relaxation 
and produced no measurable effect on right- or 
left-sided filling pressures. Thus, the net effect of | 
nifedipine on coronary blood flow represents the 
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Fig. 3. Episodes of ST segment depression detected by ambulatory monitoring in patients receiving: (A) 
placebo (P1), 30 mg per day of nifedipine (N30), or 60 mg per day of nifedipine (N60); (B) placebo (P1), 
240 mg per day of propranolol (P240), or 480 mg per day of propranolol (P480); and (C) placebo (P1), 30 
mg of nifedipine plus 240 mg of propranolol per day (N30 + P240), or 60 mg of nifedipine plus 480 mg of 
propranolol per day (N60 + P480). Values are mean + SEM; p values are compared with placebo. 
(Reproduced with permission from Dargie HJ, et al. Am J Med 1981;71:676-80.) 


results of its influence on peripheral arterial smooth 
muscle relaxation, direct coronary vasodilation, and 
possibly, negative inotropism. l 

Nifedipine reduced regional coronary vascular 
resistance and increased regional myocardial blood 
flow in regions supplied by vessels in which there 
was significant obstruction; it induced the opposite 
effects in normal patients. The rate-pressure prod- 
uct, which is a reliable estimate of myocardial 
oxygen demand when ventricular size and contrac- 
tility do not change dramatically, decreased an 
insignificant degree after nifedipine administration 
in the patients with coronary artery disease. In the 
normal patients, however, it fell significantly; thus, 
the decrease in coronary blood flow produced by 
nifedipine was appropriate. Is direct coronary vaso- 
dilation a more significant factor in net coronary 
blood flow than a direct or indirect effect on myocar- 
dial oxygen demand in patients with coronary artery 
disease? Lichtlen et al.” noted that there was an 
increase in coronary flow in post-stenotic areas after 
nifedipine administration. This effect was most 
marked during exercise, as demonstrated by thalli- 
um-201 myocardial scintigraphy. 

The xenon-133 washout technique is limited 
because it does not differentiate between subendo- 
cardial and subepicardial flow. However, this meth- 
od has produced results that correlate well with 
results of simultaneously utilized microsphere meth- 
ods in experimental animals. Furthermore, in the 
study cited, each patient was his or her own 
control, and directional changes in flow after a single 
dose of nifedipine should, therefore, accurately 
reflect the acute drug effects. 

Nifedipine causes arterial vasodilation through its 
effect on cellular calcium availability in vascular 


smooth muscle. The net effect on coronary blood 
flow may represent the relative contribution of 
direct coronary vasodilation and any reduction in 
myocardial oxygen demand. Even in patients with 
coronary artery disease who were treated with beta 


‘blockers, regional myocardial blood flow increased 


after nifedipine administration. This effect may be 
related to a decrease in resting coronary vascular 
tone, suggesting a mechanism by which nifedipine 
may be an effective antianginal agent when primary 
changes in coronary blood flow result in myocardial 
ischemia. This may explain nifedipine’s usefulness 
in reducing the total ischemic burden when various 
combinations of angina and silent myocardial ische- 
mia are present. ` i 
Studies- in both animals ® and humans'® 120-24 
have corroborated that nifedipine has beneficial 
effects on the coronary circulation, even when dif- 
ferent techniques are employed. In the animal 
studies, the intravenous route was used. Vatner and 
Hintze showed that both large coronary arteries 
and resistance vessels were affected. Studies in 
humans have been done with the cold pressor test” 
(demonstrating the presence of a protective, anti- 
vasoconstrictive effect), during exercise” (showing 
an increase in great cardiac vein flow), and at rest.” 
In the most recent study, Terris et al. compared 
the cardiac and peripheral vascular effects of intra- 
coronary nifedipine with those of intravenous nife- 
dipine. Intracoronary nifedipine produced a 20% _ 
increase in coronary blood flow, whereas nifedipine 
administered intravenously increased flow by 46%. 
The number of clinical trials in which both silent 
and painful myocardial ischemia have been evalu- 
ated is small. In an early study, Dargie et al.’ studied 
16 patients with stable angina and found that 60% 
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of the ischemic episodes in these patients were 
painless. Both nifedipine and propranolol dramati- 
cally reduced the number of ischemic episodes (Fig. 
3), but combination therapy with these two agents 
produced results that were superior to the results of 
treatment with either agent alone. A study by Nesto 
and Phillips” produced similar data. 

Data*?" on the effect of other calcium channel 
blockers on coronary blood flow in animals and 
humans are not that impressive, although clinical 
trials. in patients with angina have indicated: that 
these agents produce an anti-ischemic effect. For 
example, Parodi et al. compared verapamil and 
propranolol in patients with unstable angina, but 
also evaluated silent myocardial ischemia. Holter 
monitoring was used to document the frequency of 
-ischemic episodes, and results showed that the 
beneficial effect of verapamil was greater than that 
of propranolol. — l 


NITRATES 


Nitrates have been shown by a variety of tech- 
niques to improve myocardial perfusion. Although 
much of the work was first done in animals, several 
studies in humans are worth commenting on. In the 
first study from a cardiac catheterization laboratory 
documenting the coronary activity of sublingual 
nitroglycerin on the human coronary circulation, 
which used a xenon-133 method similar to that used 
in the previously cited nifedipine study,'* Cohn et 
al.” found that nitroglycerin produced an improve- 
ment in regional myocardial blood flow in the 
resting state. In a more recent study, Brown et al. 
measured the luminal caliber of the coronary vessels 
after intracoronary and sublingual administration of 
nitroglycerin and detected vasodilation of stenosed 
epicardial coronary vessels in 15 of 20 instances of 
severe stenoses. Schang and Pepine” have shown 
that oral nitrate preparations have a beneficial 
effect in the treatment of silent ischemia; more 
recently, Shell’ has reported similar findings with 
regard to transdermal preparations. 


BETA BLOCKERS 


Animal studies have shown that coronary artery 
vasoconstriction can occur after beta blockade, and 
studies: in patients with vasospastic angina have 
demonstrated that occasional increases in the inci- 
dence of symptoms occur after beta blocker admin- 
istration. It is not surprising, therefore, that Kern et 
al. found that coronary vasoconstriction was poten- 
tiated during the cold pressor test in humans after 
treatment with beta blockers. The findings of this 
study, which utilized the coronary sinus thermodilu- 
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tion technique, confirm those of Engel and Licht- 
len.* In the latter study, nifedipine was found to be 
superior to propranolol in improving oxygen supply 
to myocardium perfused by stenotic vessels. 


COMMENTS 


Treating total ischemic activity means treating 
both painful and silent ischemia." Since a vasocon- 
strictive component probably contributes to the 
genesis of mixed ischemia, such vasoactive agents as 
the calcium blockers and nitrates should be used, 
either alone or in combination. The use of beta 
blockers alone may not constitute adequate thera- 


py: 
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Effect of pharmacologic therapy on angina 
frequency, ST segment depression during 
ambulatory ECG monitoring, and treadmill 
performance in patients with chronic stable mild 


angina 


: 


Fifteen patients aged 55 + 6 years (mean + SD} with mild, chronic stable angina were evaluated 
after 2 weeks of sublingual nitroglycerin therapy (control) and also after 12 weeks of treatment 
with either propranolol, up to 320 mg per day, or nifedipine, up to 120 mg per day, in order to 
measure signs of ischemia and the response of symptoms to therapy. Compared with the control 
period, there was a decrease in average daily episodes of angina from 1.0 + 0.8 to 0.5 + 0.4 
with treatment (p = 0.10). There was a significant decrease of = 1.0 mm ST segment depression 
(both symptomatic and asymptomatic), from 6.1 + 6.5 to 1.5 + 2.4 episodes per 24 hours, 

p < 0.001, and of asymptomatic episodes of ST segment depression, from 3.5 + 3.9 to 

1.0 + 2.1 episodes per 24 hours, p = 0.03. The number of patients who had any episodes of 


=>1.0 mm ST segment depression on their 24-hour ECG decreased from 14 to 6 (93% to 40% of 
patients, p = 0.005) with treatment, and the number of patients with any episodes of ST segment 
depression without symptoms decreased from 11 to 5:(73% to 33% of patients, p = 0.07). There 


was an Insignificant increase in treadmill time from 333 + 134 to 380 + 156 seconds, and an 
insignificant decrease in maximum double-product from 16,631 + 3,599 to 14,922 + 4,086; the 
number of patients with angina at maximum exercise decreased from 13 to 10 (87% to 67%). It 
can therefore be concluded that patients with mild, chronic stable angina have a low rate of both 
symptomatic and asymptomatic ST segment depression on 24-hour ECG; the frequency of both 
was greatly reduced with pharmacologic therapy and the incidence of silent ischemia 
(asymptomatic transient ST segment depression) was eliminated in 67% of patients during 
pharmacologic treatment, even though performance on exercise treadmill testing was not greatly 


improved. (Am Heart J 1988;115:220.) 


David T. Kawanishi, M.D., Cheryl L. Reid, M.D., Gregory Simsarian, M.D., 


Yolie Amisola, R.N., Armando Gonzales, M.D., and 


Shahbudin H. Rahimtoola, M.B., F.R.C.P. Los Angeles, Calif, 


The conventional assessment of the efficacy of med- 
ical therapy in the treatment of angina pectoris has 
relied on subjective reports of chest pain and on 
patient performance during exercise treadmill test- 
ing.’ Recently, there have been reports®* of the 
response of ST segment depression to antianginal 
treatment for patients having ambulatory ECG 
monitoring. The purpose of this study was to evalu- 
ate the response to therapy of each of the following: 
subjective reports of angina pectoris as recorded in a 


From the Section of Cardiology, Department of Medicine, LAC-USC 
Medical Center; and the University of Southern California School of 
Medicine. 

Reprint requests: David T. Kawanishi, M.D., LAC-USC Medical Center, 
Section of Cardiology, 2025 Zonal Ave., Los Angeles, CA 90033. 


220 


diary; ST segment depression while patients were 
being monitored on ambulatory ECG; and perfor- 
mance on exercise treadmill testing in patients with 
chronic stable angina and documented coronary 
artery disease. The results are an analysis of the 


- preliminary data from a large, randomized, double- 


blind crossover trial. 


METHODS 


Patient selection. Fifteen patients, 10 men and 5 
women aged 55 + 6 years (mean + SD), were selected for 
this study on the basis of a history of chronic stable angina 
and the presence of a 70% or greater stenosis of at least 
one major coronary artery as documented by coronary 
arteriography. One patient refused cardiac catheterization 
but had a well-documented myocardial infarction and a 
positive exercise treadmill test. Chronic stable angina was 
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Fig. 1. Flow diagram of the study protocol. Titration to the maximally tolerated dose of either 
propranolol or nifedipine required variable lengths of time, depending on the final dosage tolerated. 


Table |. Patient characteristics 
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NYHA = New York Heart Association. 


defined as the presence of a dull, pressure-like pain or 
discomfort in the chest reproducibly brought on by exer- 
tion or emotional upset, with at least three episodes of 
angina per week and less than a 50% variability in the 
weekly angina frequency for the most recent 2 months. 
Patients were excluded from the study if they had a 
myocardial infarction or coronary reperfusion procedure 
within the previous 3 months or if they had insulin- 
requiring diabetes, bronchospastic lung disease, or other 
diseases with symptoms that could be confused with 
angina pectoris. The patients were also required to be able 
to perform exercise treadmill tests and to do without 
medication (except sublingual nitroglycerin) for 2 weeks. 
The characteristics of the patients in the study are shown 
in Table I. 

Drug administration. Each patient-who met the entry 
criteria was then treated for 2 weeks with sublingual 
nitroglycerin, 1/150 gr tablet (control) only. All of the first 
15 patients studied were able to tolerate this 2-week 
control period. 

After review of angina diaries for the second week of the 
control period and the first 24-hour ambulatory ECG and 
treadmill tests, each patient was randomized in a double- 
blind fashion to treatment with either propranolol or 
nifedipine (Fig. 1). Blood pressure and heart rate were 
measured just prior to taking the drug and then at 
15-minute intervals for 1 hour at each dose titration. Each 
patient was titrated at three- to four-day intervals, as 
tolerated, up to a maximum of propranolol, 80 mg four 
times per day, or nifedipine, 30 mg four times per day. 
Intolerance was defined as a patient’s unwillingness to 
tolerate side effects, a systolic blood pressure fall of more 
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Fig. 2. Left panel, Average daily frequency of angina 
over the last 7 days of the control period (open bars) and 
treatment period (solid bars). Right panel, Percent of 
patients averaging =1 episode of angina per day during 
each period. 


than 20 mm Hg within the first hour of ingesting the drug, 
or a heart rate of less than 50 bpm at any time after taking 
a given dose. The patient was then observed for 12 weeks 
on his medication at the maximum tolerated dose, at 
which time the angina diary review and 24-hour ambula- 
tory ECG and exercise treadmill tests were repeated. 

Angina diaries. Each patient was given a pocket-sized 
diary at the start of the trial and instructed to record the 
time of each angina episode and the severity of the episode 
as mild, moderate, or severe. Each episode was recorded 
on a separate page. The average daily number of angina 
episodes was determined for the last week the patient was 
taking the drug by counting the total number of diary 
entries for that week and dividing by seven. The correla- 
tion between an episode of angina and an episode of ST 
segment depression on the 24-hour ambulatory ECG was 
established by comparing the recorded time in the diary 
with the time of the event on the ST segment trend 
analysis of the ECG. A delay of up to 15 minutes between 
these two times was considered reflective of a symptomat- 
ic episode of ST segment depression, since patients noted 
that this amount of delay frequently elapsed between the 
onset of angina and the time notation in the diary. 
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Table Il. Results of therapy for chronic stable angina (n = 15) 





Angina 

Episodes/day (mean + SD) 

Number of patients with =1 episode/day 
Ambulatory ECG monitoring 

Episodes of =1.0 mm ST {/day 

e Range (episodes/day) 

e Number of patients with any episodes 

Symptomatic ST | (episodes/day) 

e Range (episodes/day) 

è Number of patients with only symptomatic episodes 

Asymptomatic ST | (episodes/day) 

è Range (episodes/day) 

ə Number of patients with asymptomatic episodes 








Therapy 

Control (propranolol or nifedipine) p Value 
1.0 + 0.8 0.5 + 0.4 0.10 
7 (47%) 3 (20%) NS* 
6.1 + 6.5 1.5 + 24 <0.001 
0 to 19 0 to 8 

14 (93%) 6 (40%) 0.005 
2.64 3.5 — 0.5 + 0.9 <0.001 
0 to 10 0 to 5 

3 (20%) 1(7%) NS* 
3.5 + 3.9 1.0 + 2.1 0.03 
0 to 12 0 to 7 

11 (73%) 5 (383%) 0.07 





*NS = not significant. 


ST segment depression on 24-hour ambulatory ECG . 


monitoring. Each patient had a 24-hour ambulatory ECG 
recording after 2 weeks of taking sublingual nitroglycerin 
(control) and again after the 12 weeks of medical therapy. 
Patients were encouraged to continue their normal daily 
activities. A- model number 449B cassette recorder or 
model number 445 reel-to-reel recorder (both Del Mar 
Avionics, Irvine, Calif.) was applied and two channels— 
the first corresponding to a standard V, lead and the 
second to an inferior lead—were recorded for 24 hours. 
Although neither recorder met the American Heart Asso- 
ciation standard for low-frequency response, the ability of 
these recorders to represent accurately ST segment 
depression has already been shown.®° 

Analysis of ST segment depression was performed on 
the Trendsetter II system (Del Mar Avionics) with the ST 
sample time set to 60 msec after the computer-determined 
J point. This setting provided the measurement of ST 
segment depression most closely corresponding to the true 
level of ST segment depression at 0.08 second after the J 
point (as determined by comparison with a full disclosure 
of the ECG). Each episode of ST segment depression =1.0 
mm was counted only after confirmation by comparing the 
ST segment before, during, and after the episode on a full 
disclosure ECG. 

Exercise treadmill testing. Each patient had a symp- 
tom-limited exercise treadmill test at the end of the 
control period and again after treatment was completed. 
The baseline for ST segment analysis was established as 
that level of ST segment displacement observed after 30 
seconds of hyperventilation in the standing position with- 
in 1 minute of the start of the treadmill. The patients were 
exercised according to a modified Balke-Ware proto- 
col, 2 They exercised to the following end points: (1) that 
level of angina at which the patient usually ceases exer- 


tion, (2) more than 2mm ST segment depression, (3) 


dyspnea, (4) fatigue, (5) a fall in blood pressure of more 


than 10 mm Hg, or (6) three or more premature ventricu- 
lar contractions (PVCs) in a row. 

Statistics. The data obtained from the study are 
expressed as mean + SD. The paired ¢ test was used to 
determine the significance of the group means in the 
control period compared with those in the treatment 
period; a p value of <0.05 was considered statistically 
significant. In those cases where there was not a normal 
distribution of values, a nonparametric Wilcoxon signed- 
rank test was used. The number of patients having a 
particular outcome during the control period was com- 
pared with the number of patients having that same 
outcome during therapy by means of the chi square test 
for significance. 


RESULTS 


Angina frequency. The average daily frequency of 
angina during the last 7 days of therapy compared 
with the last 7 days of the control period decreased 
from 1.0 + 0.8 to 0.5 + 0.4 episodes per day (Table 
II, Fig. 2). However, because of the large variation in 
frequency from patient to patient, this difference 
was not significant. The number of patients averag- 
ing =1 episode of angina per day decreased from 
seven (47%) during the control period to three 
(20%) during pharmacologic therapy with either 
propranolol or nifedipine (Fig. 2). 

ST segment depression on ambulatory ECG monitor- 
ing. The number of episodes of ST segment depres- 
sion of 1.0 mm or more decreased from 6.1 + 6.5 
(range, 0 to 19; median, 3) episodes per day during 


. control to 1.5 + 2.4 (range, 0 to 12; median, 2) 


episodes per day during therapy (p < 0.001) (Table 
Il, Fig. 3). The distribution of episodes of ST 
segment depression revealed that one patient had no 
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Fig. 3. Reduction in number of episodes of =1.0 mm ST segment depression with therapy as compared 
with the control phase. The left pair of bars indicates the reduction in total number of episodes of 
significant ST segment depression. The middle pair and right pair of bars indicate the reduction of 
symptomatic and asymptomatic episodes of ST segment depression, ‘respectively. 
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Fig. 4. Distribution of frequency of ST segment depression on ambulatory ECG monitoring among 
patients during the control period (open bars) and during treatment (solid bars). The decrease in number 
of patients with one or more episodes of =1.0 mm ST segment depression during the treatment 


monitoring period as compared with the control phase was significant, p = 0.005. 


episodes, nine patients had between one and five 
episodes, one patient had between 6 and 10 episodes, 
and four patients had more than 10 episodes per day 
during the control period. During propranolol or 
nifedipine administration, nine patients had no epi- 
sodes, five patients had between one and five epi- 
sodes, and one patient had between 6 and 10 epi- 
sodes of =1.0 mm ST segment depression per day 
(Fig. 4). The number of patients having at least one 
episode of ST segment depression per day decreased 
from 14 (93%) during the control period to six 
(40%, p = 0.005) during therapy. The number of 
patients with at least: one asymptomatic episode of 
ST segment depression during the day of the ambu- 
latory electrocardiogram decreased from 11 (73%) 
during the control period to four (87%) during 


treatment (p = 0.03). However, the number of 
patients having only symptomatic episodes of ST 
segment depression decreased from three (20%) to 
one (7%), a change that was not significant (Fig. 
5). 

The subset of episodes of ST segment depression 
=1.0 mm that were not associated with angina 
(silent or asymptomatic ischemia) decreased from 
3.5 + 3.9 (range, 0. to 12; median, 3) episodes per day 
during the control period to 1.0 + 2.1 (range, 0 to 7; 
median, 1) episodes per day during therapy (p = 
0.03) (Fig. 3). During the control phase, four 
patients had no episodes of asymptomatic ischemia, 


` seven patients had between one and five episodes, 


three patients had between 6 and 10 episodes, and 
one patient had more. than 10 episodes per day. 
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Fig. 5. Reduction in number of patients having any episodes of =1.0 mm ST segment depression during 
therapy as compared with the control period. The left pair of bars indicates a significant reduction in the 
number of patients having any episodes of ST segment depression with therapy, whether or not these 
episodes were associated with symptoms. The middle pair of bars indicates the decrease in the number of 
patients with only symptomatic ST segment depression, and the right pair of bars indicates the decrease 
in the number of patients with any episodes of asymptomatic ST segment depression. 
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Fig. 6. Distribution of frequency of asymptomatic ST segment depression of =1.0 mm on ambulatory 
ECG monitoring among patients during the control period (open bars) and during treatment (solid bars). 
A reduction in the number of patients having one or more episodes of asymptomatic ST segment 
depression was not statistically significant, p = 0.07. i 


During drug therapy, 10 patients had no episodes of 
asymptomatic ischemia, four patients had between 
one and five episodes, and one patiént had between 
6 and 10 episodes during the 24 hours of ambulatory 
ECG monitoring (Fig. 6). The number of patients 
who had any episode of asymptomatic ischemia 
decreased from 11 (73%) during the control period 
to five (833%) during therapy (p = 0.07) (Fig. 5). 
There were no patients who had only asymptomatic 
ST segment depression, either during the control 
phase or during treatment. . 

Treadmill exercise. All -patients in the study were 
able to exercise to the onset of moderate angina, 


dyspnea, or fatigue during both periods of the study. 
The number of patients who stopped exercising 
because of angina decreased from 13 (87%) during 
the control period to 10 (67%) during therapy (Fig. 
7). The total exercise time increased from 333 + 134 
seconds during the control period to 380 + 156 
seconds during therapy. The double-product at 
maximum exercise decreased from 16,631 + 3,599 to 
14,922 + 4,086 with therapy. The time to onset of 
1.0 mm ST segment depression during treadmill 
exercise increased from 187 + 130 to 268 + 171 
seconds. For these changes in exercise parameters, 
p > 0.05. 
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Fig. 7. Change in performance on exercise treadmill test from the control phase (open bars) to the 
treatment period (solid bars), The small improvements in performance with treatment were not 


significant. 


DISCUSSION 


Previous investigations have evaluated the effect 
of pharmacologic therapy in the treatment of chron- 
ic stable angina. Specifically, subjective patient 
reports and performance on the exercise treadmill 
have been used to assess the efficacy of angina 
therapy with beta-adrenergic blockers!’ and calci- 
um channel entry blockers.'® Separate investiga- 
tions** ! have also studied the effects of pharmaco- 
logic agents on both symptomatic and asymptomatic 
ST segment depression during ambulatory ECG 
monitoring. An early study observed a significant 
reduction in asymptomatic episodes of ST segment 
depression on ambulatory ECG monitoring while 
patients were administered hourly doses of sublin- 
gual nitroglycerin as compared with placebo. How- 
ever, the selection of patients for nitroglycerin treat- 
ment was not done randomly. 

-The efficacy of selected beta-adrenergic blockers 
in reducing the frequency of both angina and 
asymptomatic episodes of ST segment depression 
has been shown for a well-characterized group of 
patients with coronary disease and chronic stable 
angina treated with atenolol, pindolol,* and labeta- 
lol? A study of six patients by Oakley et al.’ 
suggested that the combination of propranolol and 
nifedipine might be more effective in the treatment 
of both symptomatic and asymptomatic episodes of 
ST segment depression on ambulatory ECG moni- 
toring than either agent used alone; however, the 
patients studied did not have coronary arteriogra- 
phy and assignment to treatment was not random. 
The lack of specificity of the exercise treadmill 


results, even when combined with the finding of ST 
segment depression on ambulatory ECG monitoring 
for identifying the presence of coronary artery dis- 
ease, has been shown.” 

In our study of 15 patients, the presence of 


. significant coronary artery disease was confirmed by 


coronary arteriography in all but one patient. The 
one patient had a positive treadmill exercise test and 
a previous well-documented myocardial infarction. 
Of the entire group, 11 patients had a previous 
myocardial infarction, although in all cases the 
event occurred 3 months or more prior to enrollment 
in the study. Furthermore, the angina was of a stable 
pattern and was mild. 

Over the second week of the control period, the 
frequency of angina episodes averaged only one per 
day in this highly selected group of patients (Table 
TI). All but one patient had either angina, at least 1.0 
mm ST segment depression, or both, on the tread- 
mill at maximum exercise during thé control period. 
However, both the frequency of total episodes of 
=1.0 mm ST segment depression on control ambu- 
latory ECG (6.1 + 6.5 episodes per 24 hours) and 
the frequency of asymptomatic ST segment depres- 
sion or silent ischemia (3.5 + 3.9 episodes per 24 
hours) were low. The values we obtained are also 
very low in comparison with some published 
reports" that have suggested that both symptom- 
atic and asymptomatic episodes may be very fre- 
quent. It is unlikely that this is due to a technical 
inability to record the ST segment depressions, 
since the machinery used in this study has proven 
capable of documenting such events.* 8 Similarly, 
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the use of a computerized ST analysis system with 
full disclosure confirmation has been shown to 
detect these events adequately on playback. An 
` alternative explanation for these results may be that 
we have more clearly characterized a subset of the 
population with coronary artey disease, i.e., those 
patients with symptoms of mild, chronic stable 
angina who actually are having only a low frequency 
of ischemic events, even without prophylactic 
antianginal therapy. In fact, the comparatively low 
frequency of both total episodes of ST segment 
depression and asymptomatic episodes agrees favor- 
ably with results obtained in other studies involving 
patients with similar coronary anatomy and chronic 
stable symptoms.” ® 418 These patients may be at 
the opposite end of the spectrum of patients with 
proven coronary disease from those who have a very 
high frequency of such ischemic activity and who, by 
anecdotal accounts, seem to be at high risk for a 
cardiac event." The frequency of symptomatic epi- 
sodes during the 24-hour ambulatory ECG was 
higher than the average daily frequency of angina 
for the week ending with this test; this may be a 
result of the encouragement of patients. to avoid 
being sedentary or excessively cautious about activ- 
ity while wearing the recorder. 

Despite the small number of patients in this 
study, the symptomatic and asymptomatic ST seg- 
ment depression documented by ambulatory ECG 
monitoring was significantly reduced with therapy. 
The number of patients with only symptomatic 
episodes of ST segment depression was small; the 
majority of patients with ST segment depression 
had asymptomatic episodes in addition to episodes 
with symptoms during both the control and treat- 
ment periods. However, pharmacologic treatment 
resulted in 67% of the patients being entirely free of 
episodes of silent ischemia, as compared with only 
27% who were free of such episodes in the control 
state. In comparison, the large variability from 
patient-to-patient in the average daily frequency of 
angina, based on diary entries over a 7-day period, 
resulted in an insignificant change in this parameter 
with therapy, even though the average did decrease 
(Table II, Fig. 2). In addition, an improvement in 
treadmill performance with an increase in treadmill 
time, a decrease in the number of patients: who 
stopped due to angina, and an increase in time to 
onset of 1.0 mm ST segment depression also failed to 
reach significance, Í 

Clinical implications. In a selected group of patients 
with symptoms of mild, chronic stable angina, symp- 
tomatic and asymptomatic episodes of ST segment 
depression of 1.0 mm or more were found to occur at 
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a low frequency, even when these patients were not 
taking prophylactic antianginal medications. We 
have shown that the frequency of both symptomatic 
and asymptomatic ST segment depression may be 
significantly reduced in these patients with pharma- 
cologic therapy that uses maximally tolerated doses 
of propranolol or nifedipine in a randomized, dou- 
ble-blind fashion. This change was seen for the 
group as a whole. Furthermore, episodes of silent 
ischemia were eliminated in a number of individu- 
als. This improvement with therapy may occur 
despite an insignificant effect on exercise treadmill 
performance. These findings suggest the need for 
antianginal therapy in such a patient population. 
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The total vascular burden, peripheral and 
coronary: Vasodilator effects of nifedipine 


While the total Ischemic burden on the left ventricle represents the combined effects of both 
symptomatic and asymptomatic myocardial ischemia, the total vascular burden has many 
components including an increased systemic peripheral vascular resistance, an increased 
pulmonary vascular resistance, and an increased coronary vascular resistance. These factors 
may all influence ventricular function. Hypertension contributes significantly to the vascular 
burden, especially when combined with left ventricular hypertrophy, which predisposes to 
ischemia by multiple mechanisms. In patients with hypertension and cardiomegaly, sublingual 
nifedipine has been shown to increase left ventricular (LV) ejection fraction and the average 
diastolic filling rate. In the presence of acute myocardial infarction, nifedipine moves the LV 
function curve onto a better Frank-Starling relationship as pulmonary wedge pressure falls or ` 
stays the same and cardiac output rises. However, because of the delicate balance between 
myocardial perfusion and the benefits of afterload reduction, including improved remodelling, 
nifedipine should be given only to selected patients. In congestive heart failure, low-dose 


nifedipine reduces the afterload and has been shown to have beneficial effects in the majority of 
patients. Two specific adverse outcomes in only two patients have been reported, one with Initlal 


hypotension and one given high-dose nifedipine. Combination nifedipine—beta blocker therapy 
has been shown to be favorable in the treatment of all varieties of angina, hypertension, and 

hypertrophic cardiomyopathy. Therefore, when administered appropriately, nifedipine reduces 
the total vascular burden on the heart in a variety of cardiovascular diseases, with consequent 


improvement in LV function and a diminished threat of potential myocardial ischemia. (Am Heart J 


1988;115:228.) 
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While the total ischemic burden on the left ventricle 
represents the combined effects of symptomatic and 
asymptomatic myocardial ischemia, the total vascu- 
lar burden has many components including an 
increased systemic peripheral vascular resistance, an 
increased pulmonary vascular resistance, and an 
increased coronary vascular resistance (Fig. 1). 
Another component of the vascular burden is the 
impedance to aortic outflow, which is increased in 
the presence of hypertension. All of these factors 
may influence left ventricular function. 

Clinically, the total vascular burden will be most 
evident when ischemic heart disease (myocardial 
impairment resulting from coronary artery disease) 
is combined with one of the following: (1) severe 
systemic hypertension with a significant increase in 
peripheral vascular resistance, (2) congestive heart 
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failure with a compensatory increase in systemic 
vascular resistance, and (8) drug-induced incre- 


` ments in the systemic vascular resistance. 


The purpose of this article is to examine the 
concept of the total vascular burden and to assess 
whether modifications of this burden by agents such 
as nifedipine may be of therapeutic benefit. First, 
the possible contributions of hypertension, conges- 
tive heart failure, and of some therapeutic agents to 
the total vascular burden will be considered. Poten- 
tial vascular benefits of nifedipine and other calcium 
antagonists, such as verapamil and diltiazem, will be 
assessed, as well as their potential limitations. The 
interaction between myocardial function and the 
total vascular burden will also be emphasized. 


HYPERTENSION, HYPERTROPHY, AND LEFT 
VENTRICULAR FUNCTION 


In hypertension, any myocardial defects are prob- 
ably not primary but rather are the consequence of 
an increased afterload. In the case of severe hyper- 
tension, there is a specific increase in the peripheral 
vascular resistance,’ probably due in part to the 
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Fig. 1. Concept of the total vascular burden composed of the systemic vascular resistance, coronary 
vascular resistance, and the pulmonary vascular resistance. (Figure copyright, L.H. Opie.) 


effects of a high circulating renin.’ As severe hyper- 
tension develops, the myocardium is thought to go 
through the following phases: (1) an increased left 
ventricular (LV) peak pressure is required to over- 
come the afterload, with an increased wall stress as a 
consequence; (2) concentric hypertrophy then devel- 
ops and wall stress normalizes; and (3) the left 
ventricle undergoes dilation so that wall stress again 
increases and failure ensues. The myocardium with 
concentric hypertrophy may be largely compensated 
from the point of view of wall stress, but there may 
be several subtle abnormalities, any or all of which 
could contribute to the transition from compensated 
concentric hypertrophy to myocardial dilation and 
failure (Fig. 2). , 

Linzbach? saw concentric hypertrophy as the nor- 
mal myocardial response until a critical limit to the 
degree of hypertrophy was reached. At that stage, 
the hypertrophied heart could outstrip its blood 
supply, leading to focal necrosis and myocardial 
failure. The combination of the hypertrophied and 
dilated myocardium was called concentric hypertro- 
phy. The critical limit for myocardial hypertrophy 
was thought to be approximely 500 gm, or about 
twice the normal heart weight. 

Histologic changes. In the early stage of compensa- 
tory hyperfunction, there is histologic myocardial 
hypertrophy without degeneration.* However, as the 
process continues, some cells start to suffer and 


degenerate, possibly from inadequate oxygenation; 
this happens most often in the endocardium.’ The 
end result is disruption of the sarcomere structure 
with lysis, especially of the thick myosin filaments‘; 
this could be one cause of the decreased myosin 
ATPase activity that occurs in severe myocardial 
failure. Interstitial fibrosis is a serious develop- 
ment*®; again, the precise mechanism is not clear. 

Subendocardial ischemia. Unverferth and asso- 
ciates’ proposed that subendocardial ischemia can 
occur in the hypertrophied heart; even in the 
absence of coronary artery disease. Repeated bouts 
of ischemia could perhaps lead to fibrosis and focal 
degeneration, especially in the subendocardial 
area. 

Collagen formation. Formation of collagen tissue 
occurs with hypertrophy of myocardial cells. On 
occasion, the collagen reaction is excessive, as seen 
with fibrosis. Focal or borderline ischemia may 
predispose to such fibrosis. Relief of the pressure 
load results in a decrease of myocardial hypertro- 
phy, yet the collagen levels remain unchanged, 
indicating a permanent adverse effect on the left 
ventricle.® 

Vascular spasm. Vascular spasm may play an 
important role in some nonhypertensive models of 
hypertrophy,’ which may explain the benefit of 
verapamil therapy. A simple but unproven hypothe- 
sis is that the existence of myocardial ischemia 
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Fig. 2. Mechanisms whereby left ventricular hypertrophy of severe sustained hypertension could 
predispose to myocardial ischemia. (Figure copyright, L.H. Opie.) 


(imbalance in oxygen supply vs demand) leads to 
areas of inadequate perfusion where vascular as well 
as myocardial damage occurs. Whenever there is 
vascular damage, there is a likelihood of vascular 
spasm (for example, in man, the combination of 
coronary spasm and vascular disease may be an 
important finding in patients with angina pecto- 
ris). 

Coronary vascular reserve. Strauer’ measured cor- 
onary reserve, which is the ratio between the coro- 
nary resistance at rest and that following maximum 
coronary dilation by dipyridamole. The coronary 
reserve is significantly decreased in normotensive 
patients with coronary artery disease and in patients 
with essential hypertension with coronary artery 
disease. There is some diminution of coronary 
reserve in the presence of severe aortic stenosis, 
hypertension, and dilated cardiomyopathy. How- 
ever, the coronary reserve is normal in patients with 
hypertrophic cardiomyopathy, showing that the 
state of hypertrophy, by itself, does not predispose 
to impaired coronary reserve. 

Diastolic dysfunction. Abnormalities of diastolic 
‘function are being increasingly emphasized in 
patients with a variety of myocardial diseases. Thus, 
for example, in some studies patients with hyper- 
trophic cardiomyopathy have abnormal relaxation, 
and it is proposed that this abnormality is reversed 
by therapy with calcium antagonists such as vera- 


pamil.":" Likewise, impaired diastolic function 
appears to be a quality of the hypertensive left 
ventricle. 

Compliance. An apparent loss of myocardial com- 
pliance occurs with myocardial hypertrophy, so that 
the pressure rises more than would be expected for 
any given volume increase. This pressure increase is 
due to the fact that the thicker the wall of the 
ventricle, the greater the intraluminal pressure 
required to make the wall stretch. However, when 
corrected for the increased mass, the muscular com- 
pliance in myocardial hypertrophy is close to nor- 
mal. A true loss of compliance with chamber stiff- 
ness results from added interstitial fibrosis and a 
restrictive cardiomyopathy. The cellular explana- 
tion for a fall in chamber stiffness is an increase in 
interstitial fibrosis. 

Excess wall stress and hypertrophy. In some exper- 
imental conditions, there appears to be an enhanced 
uptake of oxygen per gram of active tension devel- 
oped (ie., a variety of “oxygen wastage”). The 
mechanism for this is presently not known. Specula- 
tively, there could be cytosolic calcium overload 
resulting from abnormalities of mitochondrial or 
sarcoplasmic function. The corresponding situation 
in. patients may be the increased oxygen consump- 
tion per unit mass of heart, even when LV function 
is impaired.” In patients with aortic valve disease, 
myocardial oxygen uptake per 100 gm of tissue is 
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Fig. 3. Patients with myocardial hypertrophy and increasing wall stress have an increased myocardial 
oxygen uptake per unit mass of tissue. This is an example of “oxygen wastage,” as in late aortic stenosis. 
Patients with hypertension have a range of oxygen uptake values; high wall stress predisposes to oxygen 
wastage. HOCM = hypertrophic cardiomyopathy; AS = aortic stenosis; AI = aortic incompetence. (Repro- 
duced with permission from Strauer BE. Eur Heart J 1983;4(suppl A):187.) 


almost 50% greater than in persons with normal 
heart function, and an intermediate range of values 
is found in patients with essential hypertension (Fig. 
3). The proposal is that high-stress hypertrophy is 
characterized by excess dilation out of proportion to 
ventricular mass development. 

Myocardium in hypertension. There are many 
potential abnormalities in myocardial function and 
structure that occur in response to hypertension. 
These abnormalities, added to the increased vascu- 
lar burden from the enhanced afterload and also to 
the potential threat of coronary artery disease, stress 
the importance of relief of one component (in- 
creased afterload) by appropriate therapy, which 
includes calcium antagonists. 

Aortic input impedance in hypertension. Another 
less easily measured or manipulated component of 
the vascular burden relates to change in large ves- 
sels. Systemic vascular resistance is determined by 
arteriolar caliber and blood ‘viscosity and is 
increased in hypertension because of an increase in 
muscle tone. Since the heart is a pulsatile pump, 
resistance describes only one component of the 
arterial load presented to the left ventricle during 
ejection. The other component depends on the 
elastic properties of the aortic wall and is estimated 
from measurements of characteristic impedance. 
Aortic distensibility is decreased even in patients 
with mild or borderline hypertension," which results 
from increased arterial pressure, degeneration of the 


normal components of the arterial wall, or both. The 
result of decreased aortic distensibility is an increase 
in characteristic impedance, disturbing the normally 
favorable relationship between the components of 
the ventricular ejection wave and impedance pre- 
sented to the ventricle, thereby resulting in 
increased pulsatile energy losses in vascular pulsa- 
tion. 


CONGESTIVE HEART FAILURE AND LV FUNCTION 


The sequence of events whereby increased periph- 
eral vascular resistance contributes to myocardial 
dysfunction and congestive heart failure is now well 
established. Myocardial failure calls forth compen- 
satory mechanisms including an enhanced sympa- 
thetic adrenergic tone, activation of the renin- 
angiotensin-aldosterone mechanism, and increased 
secretion of vasopressin that individually or in com- 
bination increases peripheral vascular resistance. 
Since the failing myocardium is afterload-depen- 


- dent, the increased resistance enhances the severity 


of myocardial failure. 

The enhanced effect of the increased systemic 
vascular resistance is most likely to be harmful in 
ischemic cardiomyopathy, where impaired LV func- 
tion is associated with an increased obstructive 
coronary vascular burden. Although there appear to 
be few studies on the possibility of an excess coro- 
nary vascular resistance developing in such circum- 
stances, the possibility is raised by the intense 
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Table I. Nifedipine and radionuclide indices of LV func- 


tion in hypertension* 








Pre Post 
nifedipine nifedipine 

Ejection fraction 64.8 + 10.37 676+ 1146 p<0.03 
Heart rate 76.3 + 17.27 82.5 + 12.78 NS} 
Time to peak 0.34 + 0.05 0.35 + 0.04 NS 

filling rate 

(sec) 
Peak diastolic 2.79 + 0.76 8.05 + 1.18 NS 

filling ratet i 
Average diastolic 1.19 + 0.46 1.48 + 0.59 p < 0.03 

filling ratet 





Nifedipine, 10 mg sublingually, given after first set of observations. 
Unpublished data of Wilson, Commerford, and Opie (1986). 
*Mean values + SEM, n = 13. 

+End-diastolic volumes per second. 

ENS = not significant. 


coronary vasoconstrictive capacities of both angio- 
tensin-II and vasopressin. 


DRUG-ASSOCIATED INCREASES IN PERIPHERAL 
VASCULAR RESISTANCE 


Drugs that increase the peripheral vascular resis- 


tance either directly stimulate alpha-adrenoceptors 
or allow a relative preponderance of alpha-adreno- 
ceptor activity (e.g., by beta-adrenergic blockade). 
The acute effect of beta-adrenergic blockers on 
peripheral vascular resistance is well documented in 
systemic hypertension. In contrast to the effect of 
vasodilatory beta blockers (such as those with high 
intrinsic sympathomimetic activity or added alpha- 
adrenoceptor blockade), ordinary beta blockers such 
as propranolol acutely increase peripheral vascular 
resistance. Likewise, the cardioselective beta 
blocker acebutolol also acutely increases peripheral 
vascular resistance, despite its possession of mild 
intrinsic sympathomimetic activity.! This sequence 
of events is most likely to be relevant in patients 
with hypertension and angina treated by beta block- 
ade. The combination of beta blocker and nifedipine 
is likely to reduce the Peripheral vascular resis- 
tance. 


NIFEDIPINE: THE TOTAL VASCULAR BURDEN AND LV 
FUNCTION 


We sought to study the effect of nifedipine on 
patients with hypertension and cardiomegaly or 
ischemic heart disease. Our supposition was that by 
reduction of the preload and by an increase in 
coronary flow, nifedipine could lead to improved LV 
function. 

In our study, particular attention was paid to 
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diastolic filling. In patients with hypertension and 
cardiomegaly, nifedipine increased the heart rate, 
decreased the blood pressure, improved the ejection 
fraction, and increased the rate of diastolic filling 
(Table I). It is difficult to be sure that the latter 
effect indicates a specific improvement of the dia- 
stolic function of the heart, since the changes in the 
filling and emptying rates could be directly related 
to the heart rate changes, which tended to rise. 

Similar improvements in filling rates have been 
noted in patients with hypertension treated with 
diltiazem,” which does not cause-an acceleration in 
heart rate. Furthermore, a decrease in the afterload 
may improve the rate of relaxation that is afterload- 
dependent.” In the case of nifedipine in the treat- 
ment of hypertension, not all of the diastolic effects 
can be explained by unloading.“ In hypertrophic 
nonobstructive cardiomyopathy, there also may be a 
specific effect of nifedipine. Thus, there is some 
evidence that calcium antagonists—including nife- 
dipine—exert a direct effect on the diastolic func- 
tion of the hypertrophied ventricle beyond the 
indirect effect of tachycardia and load reduction. 
This conclusion is, however, still open to question, 
particularly because the hypertrophy seen with car- 
diomyopathy responds better to verapamil treat- 
ment than does the hypertrophy secondary to aortic 
stenosis.” 

The acute effect of nifedipine in decreasing 
peripheral vascular resistance is well recognized. 
However, during prolonged nifedipine administra- 
tion in the treatment of hypertension, there is a 
further reduction in the arterial pressure when a 
fixed dose of drug is used. Two possible explanations 
for this are (1) the mild diuretic effect of nifedipine 
and (2) the decreased reflex sympathetic activation 
occurring in response to nifedipine monotherapy 
with time.” Thus, nifedipine has three potential 
mechanisms for reducing the peripheral vascular 
burden in hypertension: first, a reduction of the 
calcium-mediated increase in arterial tone; second, a 
mild diuretic effect; and third, decreased sympa- 
thetic activation. 

To date, there are scant data available about the 
effects of treatment of hypertension on LV hyper- 
trophy. The vasodilators hydralazine” and minoxid- 
i! may not relieve and may even exaggerate LV 
hypertrophy, presumably due to sympathetic acti- 
vation in response to vasodilation. However, nifedi- 
pine causes experimental hypertrophy to regress,” 
and clinically the decrease in cardiothoracic ratio 
during long-term follow-up also suggests that LV 
hypertrophy actually decreases.” In this setting, the 
combination of the vasodilatory and long-term 
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Table ll. Hemodynamic effects of sublingual nifedipine in early acute myocardial infarction* 











Time (hr) 
0 0.5 1 6 24 

Heart rate (bpm) 

N 85 + 21 83 + 24 88 + 23 85 + 26 89 + 20 

Cc 85 = 11 87 +11 89+ 12 89+ 16 90 +16 
Systolic arterial pressure (mm Hg) : 

N 127 + 25 115 + 17} 114 + 14t 109 + 171 112 + 13 

Cc 129 + 24 138 + 23 186 + 22 129 + 21 124 + 15 
Diastolic arterial pressure (mm Hg) MEEA . 

N 78 + 19 70 + 8t 71+ 10t 70 + 12t 76 + 13 

c 82+ 12 85 + 18 89 +11 82+ 11 80 + 11 
Cardiac output (L/min) 

N 4.9 + 1.0 — 5.4 + Lif 5.6 + 12+ 5.4 +12 

Cc 46+ 1.0 — 4.5 + 0.8 4.5 + 0.8 48 +12 
Systemic vascular resistance (dynes - cm~’) sof 

N 1,561 + 340 -— 1,310 + 252ł 1,208 + 215ł 1,344 + 299+ 

Cc 1,782 + 476 — 1,902 + 418 1,758 + 387 1,647 + 486 
Wedge pressure (mm Hg) 

N 17.2 + 7.2 14.6 + 5.9 15.0 + 7.1 15.7 + 6.6 15.2 + 3.5 

Cc 19.1 + 7.8 18.0 + 7.1 174+ 6.1 16.1 + 4.4 16.0 + 4.3 
Wedge pressure in patients with initial wedge pressure >18 mm Hg 

N 23.6 + 2.8 19.0 + 4.3§ 19.3 + 7.2 20.7 + 4.6 16.9 + 3.6 

(N = 7) 

C 25.5 + 6.8 22.0 + 8.5 22.0 + 5.3 19.2 + 2.3 18.7 + 4.2 

(N = 6) 





Adapted from Gordon et al., with permission. 


N = nifedipine patients; C = control patients; N = 13 in both groups, except for those with initial wedge pressure >18 mm Hg. 


*Mean + SD. 

tp < 0.05 vs control. 

tp < 0.01 vs control. 

§p < 0.001 vs pre-drug value by paired ¢ test. 


antiadrenergic effects of nifedipine may be of impor- 
tance.” 
Nifedipine for acute myocardial infarction. When 
selecting therapy for patients with increased after- 
load following acute myocardial infarction, the deli- 
cate balance between the possible deleterious effects 
of decreased coronary perfusion pressure to the 
border zone through collaterals or to the infarcted 
area across a critically stenosed vessel and the 
beneficial effects of decreased wall stress should be 
considered. LV remodelling with infarct expansion 
and volume overload hypertrophy of the nonin- 
farcted segment may be important in determining 
prognosis after an acute infarction.” This remodel- 
ling may lead to a late decrease in LV performance 
with depression of both global and regional contrac- 
tile function. It is suggested that this change is of 
importance, both in the spontaneous improvement 
in LV function early after infarction and in the late 
appearance of congestive failure in patients with 
infarction, even in the absence of new ischemic 
events. If remodelling is associated with long-term 


deleterious hemodynamic changes, then it is impor- 
tant to attempt to limit these changes. 

Elevated LV wall stress is one, and possibly the 
most important, of the three determinants of LV 
remodelling. It is also easily amenable to pharmaco- 
logic manipulation, unlike the infarct site that can- 
not be altered, and the size of the infarct that may 
require early reperfusion for true reduction. Accept- 
ing the concept that remodelling is important and is 
associated with long-term deleterious hemodynamic 
changes, then a decrease in wall stress may attenu- 
ate the process, limit progressive ventricular dila- 
tion, and reduce the adverse hemodynamic conse- 
quences. 

In acute myocardial infarction, nifedipine has 
been used with the specific aim of afterload reduc- 
tion, or reduction of the total vascular burden. 
Nifedipine reduced mean systolic arterial blood 
pressure, systemic vascular resistance, and the rate- 
pressure product, while increasing cardiac output 
(Table II). Although the heart rate was expected to 
increase, it did not do so in the majority of patients 
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Table Ill. Acute effects of nifedipine on LV function in congestive heart failure 








Cardiac Mean blood 
LY filling index pressure 
i pressure (L/m?/min) (mm Hg) 

Nifedipine 
dose C N C N C N 
Reports of improvement 

20 mg SL 25  17* 212 3.11* 95 75* 
20 mg SL li 12 3.51 4.06* 85  76* 
10 mg SL 26 23* 1.67 1.99* 87 T* 
20 mg SL 17 16 24  3.3* 104 94f 
20 mg SL 27 18* 2.5  3.5* 157  90* 

10 mg SL 28 18ł 25  3.4* 150 122* 
10 mg SL 26 17t 2.5 3.5 99 85T 
10 mg SL 31 23t 2.8 3.6F 102 81* 
10 to 20 mg SL 23 24 24 3.2* 30 75* 
10 mg SL 17 Ilt 28 3.6* 103  89* 
20 mg SL 23 20 2.1 2.4* 94 807 
20 mg SL 20 17 26 2.8* 85  68* 

Reports of deterioration 
30 mg SL 34 25 2.77 1.68 102 35 
20 mg SL 35 22 2.37 1.79 80 50 


Comments Reference no. 


10/11 patients with COCM 


46 
Mixed patient group of 8 patients 47 
7 patients, 5 with CAD 44 
10 patients, COCM 48 
15 patients, hypertensive CHF 49 
7 patients, pulmonary edema, hypertension 43 
7 patients, COCM 43 
7 patients, mitral regurgitation 43 
7/9 patients, CAD; dP/dt fell 81 
9 patients, COCM 50 
6/11 patients, CAD; 3/8, decreased SVI 51 
18 patients, COCM; no long-term benefit 32 
Single patient with COCM , 29 
Single patient with CAD 29 





C = control; N = nifedipine; COCM = congestive cardiomyopathy; CAD = coronary artery disease; CHF = congestive heart failure; SVI = stroke volume 


index; SL = sublingual. 
*p < 0.01. 
fp < 0.06. 


treated: In patients with an initial pulmonary wedge 
pressure greater than 18 mm Hg, nifedipine reduced 
the wedge pressure more rapidly than was seen in 
patients treated with 80 mg of furosemide. The 
combination of a reduced wedge pressure and an 
increased cardiac output suggests that nifedipine 
moved the patient to a more favorable position on 
the Frank-Starling curve relationship; therefore, the 
tight ventricular vascular burden was also 
decreased. 

We do not advocate the routine administration of 
nifedipine to patients with acute myocardial infarc- 
tion. In fact, this procedure has been shown to have 
disadvantages and limitations and does not change 
enzymatically-determined infarct size. We suggest 
that nifedipine be considered in patients with a high 
pulmonary wedge pressure, a low cardiac output 
(without cardiogenic shock), and/or hypertension. 
One very important point to be considered when 
contemplating therapy is that the major hemody- 
namic effects of nifedipine appear after the first 
dose. 

Nifedipine for chronic ischemic heart disease. In our 
patients with ischemic heart disease with a low 
ejection fraction, nifedipine administration again 
increased ejection fraction and filling and emptying 
rates. However, even when the ejection fraction is 
only marginally reduced, nifedipine is able to 
increase the ejection fraction, both at rest and 


during exercise.” A critical finding in this treatment 
regimen is the reduction of the end-diastolic volume 
during exercise, possibly explained by the reduction 
in the systemic vascular resistance.” 

Nifedipine for unstable angina (threatened infarc- 
tion). For the treatment of unstable angina, nifedi- 
pine given over the first 48 hours of the episode 
improves LV function, as measured by the ejection 
fraction,” without any benefit to the clinical out- 
come.” On the contrary, nifedipine in the absence 
of simultaneous beta-adrenergic blockade may be 
detrimental.” 

Nifedipine in congestive heart failure. Although only 
a few results have been considered here, an 
improved ejection fraction was found in a small 
number of selected patients with congestive heart 
failure. Because of the negative inotropic potential 
of nifedipine in such patients, frequently we first 
give a 5 mg test dose, and we hold a reserved position 
about sustained nifedipine therapy unless there is 
an improved ejection fraction in response to the 
administration of 5 to 10 mg of the agent. 

Previous studies concerning nifedipine in the 
treatment of congestive heart failure have yielded 
important information (Table III). Although nifedi- 
pine has a negative effect on LV dP/dt in patients 
with severe congestive heart failure and ischemic 
heart disease,"* the overall effect is usually an 
improvement in indices of LV function, presumably 
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because the reduction in afterload exceeds the direct 
negative inotropic effect. In contrast, Brooks et al.” 


found a definite deterioration in two of their six . 


patients studied; however, nifedipine 20 or 30 mg 
given orally to these two patients with pre-nifedi- 
pine mean arterial pressure values of 80 and 102 mm 
Hg, respectively, resulted in disastrous decreases (to 
35 and 50 mm Hg, respectively). 

We do not advise that more than 5 mg nifedipine 
be given initially to patients in severe heart failure 
and suggest special care in patients already hypoten- 
sive. In two of our hypertensive patients with very 
low ejection fractions before treatment (21% and 
26%), the addition of nifedipine increased the ejec- 
tion fractions to 28% and 35%, respectively.” These 
observations suggest that pre-nifedipine arterial 
blood pressure may be important in determining the 
response to nifedipine in patients with severe heart 
failure. However, it must also be accepted that finer 
indices of LV function show a direct negative inotro- 
pic effect of nifedipine,*"* which may occasionally 
cause unpredictable effects on cardiac output.” 

Nifedipine in hypertrophic cardiomyopathy. As in the 


case of verapamil, improved diastolic performance is ` 


claimed when nifedipine is used in the treatment of 
hypertrophic cardiomyopathy." This effect of calci- 
um antagonists may be specific or nonspecific. In the 
case of verapamil, there is a difference between the 
effects of the drug on the hypertrophy of cardiomy- 
opathy and the hypertrophy secondary to aortic 
stenosis; only diastolic function in the former is 
truly improved.” Further studies are required to 
assess nifedipine treatment in this patient popula- 
tion. i 


RESERVATIONS AND COMPLEXITIES IN EVALUATION 


Apart from the complexities introduced by a 
modest tachycardia in interpreting the changes in 
the rate of filling and rate of emptying associated 
with nifedipine, it should be noted that there is a 
complex interplay between the myocardium and the 
periphery in patients with an enhanced total vascu- 
lar burden. In the majority of patients, the effect of 
unloading the periphery and the possibility of 
increasing the blood flow to the ischemic zone would 
_ be regarded as beneficial. However, in a minority of 
patients with ischemic problems, nifedipine may 
actually be harmful by causing excess hypotension 
with myocardial hypoperfusion, by shunting blood 
away from the ischemic zone by a “coronary steal,” 
and by a negative inotropic effect, usually masked 
by peripheral unloading. 

Although nifedipine has proved to be of major 
benefit in most patients with an increased total 
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vascular burden, due to the previously mentioned 
complex interactions we believe the drug needs to be 
administered under careful supervision and with an 
awareness of the possible disadvantageous effects, 
especially when it is suspected or known that myo- 
cardial function is already significantly impaired.. 


RIGHT VENTRICULAR BURDEN 


Although nifedipine is chiefly seen as a reducer of 
the LV afterload, it might also benefit pulmonary 


_hypertension of primary or hypoxic etiologies. Nife- 


dipine could also indirectly improve the increased 
pulmonary vascular resistance resulting from LV 
failure. i 


OTHER CALCIUM ANTAGONISTS 


Other calcium antagonists, such as verapamil and 
diltiazem, also decrease the total vascular resistance. 
In our studies, they improved diastolic function in 
the hypertrophied heart. Likewise, other dihydropy- 
ridines such as nitrendipine are reported to improve 
diastolic function in patients with hypertension.” 
Our studies suggest that diltiazem is as effective as’ 
nifedipine in improving myocardial function in 
patients with hypertension and/or ischemic heart 
disease. However, it remains difficult to fully 
exclude peripheral vasodilation as the prime mecha- 
nism for the apparent improvement in myocardial 
function-with any specific type of calcium antagonist 
therapy. i 


NIFEDIPINE AND BETA-ADRENERGIC BLOCKADE 


In many patients with hypertension, hypertrophic 
cardiomyopathy, or ischemic heart disease, there 
will often be preexisting therapy with beta-adrener- 
gic blockers. Therefore, it is important to consider 
whether the combination of beta blockade and 
nifedipine is safe in the treatment of those condi- 
tions mentioned above. 

Hypertension. In severe hypertension, our initial 
experience was gained with the addition of nifedi- 
pine to beta blockade by atenolol. First, we showed 
an added. reduction of blood pressure. We then 
established that the combination could be used with 
an increase in LV ejection fraction, even in some 
patients with markedly depressed pre-nifedipine 
values.” E 

The effects of another dihydropyridine, nitrendi- . 
pine, added to beta blockade with atenolol have 
recently been reported by De Kock et al. In the 
hypertensive patients they studied, the addition of 
atenolol led to a greater fall in systolic and diastolic 
blood pressures, a reduced time to peak filling rate, 
and a greater fractional filling in the first third of 


236 Opie and Commerford 


diastole. The mechanism of the atenolol-induced 
improvement is not known, but it should be noted 
that the LV filling pressure (atrial pressure) is an 
important determinant of LV filling.” Since LV 
end-diastolic and pulmonary wedge pressures were 
not measured in the study by De Kock et al., it 
remains possible that the beta blocker-induced 
improvements, when combined with nitrendipine, 
were caused by marginal increases in LV filling 
pressure. 

Hypertrophic cardiomyopathy. In hypertrophic 
obstructive cardiomyopathy, nifedipine is normally 
contraindicated because of a vigorous afterload 
reduction.* However, combined administration of 
nifedipine with a beta blocker (propranolol) resulted 
in a fall in systolic blood pressure and LV peak 
systolic pressure, a decrease in peripheral vascular 
resistance, and a reduction of cardiac index. Of 
specific interest is the increase in systemic vascular 
resistance seen following acute intravenous propran- 
olol administration, in contrast to the fall seen with 
sublingual nifedipine and the fall of vascular resis- 
tance with the combination when given acutely. 

Ischemic heart disease. In patients with chronic 
effort angina, nifedipine has been found to reduce 
the number of episodes of angina.***”’ There is, 
however, some evidence that nifedipine is less effec- 
tive than beta blockade in the treatment of this 
condition when assessed by the degree of ST seg- 
ment elevation on a multipoint precordial ECG 
map.” It is the combination that appears to give 
optimal benefit in treating angina pectoris, both 
subjectively and objectively." 3" Improvement in LV 
function may also result from this treatment regi- 
men. Thus, the ejection fraction during exercise 
that fails to improve during beta blockade with 
atenolol rises during combination therapy with nife- 
dipine.* Furthermore, the elevated LV end-diastolic 
pressure found in patients with coronary artery 
disease already receiving beta blockade is decreased 
by acute nifedipine therapy, while segmental LV 
function is improved.” The average diastolic filling 
tate, which is depressed in patients with coronary 
artery disease receiving atenolol, improves with nife- 
dipine or nifedipine plus atenolol.” 

However, a cautionary note is provided by the 
studies of de Buitleir et al., who found that in 
patients with severely impaired LV function, ateno- 
lol can cause hemodynamic deterioration not 
relieved by the addition of nifedipine. The addition 
of nifedipine to maximal doses of nitrates and beta 
blockers has improved LV ejection in some patients 
with chronic effort angina.” 

In patients with unstable angina, a combination of 
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nifedipine, propranolol, and nitrates is superior to 
nifedipine and nitrates alone,“ and a combination of 
nifedipine plus metoprolol is superior to nifedipine 
alone.” 

Exercise-induced variant angina. In these patients, 
beta blockade may be ineffective or may actually 
be harmful.” The size of the perfusion defect. mea- 
sured by thallium-201 tomography was increased 
during propranolol therapy but decreased with nife- 
dipine administration.“ Combined nifedipine and 
beta blockade treatment may be effective in the 
prevention of angina and exercise-induced ST eleva- 
tion in this patient population (Fig. 3). 


IMPLICATIONS FOR PATIENT MANAGEMENT 


In patients with severe hypertension, we routinely 
administer nifedipine, 5 or 10 mg, to test noninva- 
sively for the effect of acute blood pressure reduc- 
tion on the myocardium. Patients with clinically 
severe congestive heart failure are excluded, but 
otherwise those with low ejection fractions are 
accepted for treatment. Thus far, we have found 
nifedipine to reduce blood pressure acutely and to 
improve apparent LV function in the majority of 
patients. i 

In patients with mild-to-moderate congestive 
heart failure, we are cautiously exploring the use of 
various calcium antagonist agents, including nifedi- 
pine, with the aim of reducing afterload and improv- 
ing ejection fraction, especially when the myocardial 
failure is based on ischemic cardiomyopathy (in- 
cluding past myocardial infarction) and when hyper- 
tension is also present. However, patients with 
severe preexisting myocardial depression and partic- 
ularly those with hypotension must be treated with 
great care and tested with 5 mg of nifedipine under 
observation before therapy with higher doses is 
initiated. We consider nifedipine to be a simple 
sublingual or oral agent specifically used to achieve 
short-term hemodynamic gain in selected patients 
with congestive heart failure, rather than an agent 
used to achieve long-term benefit. 

In patients with acute pulmonary edema, where 
urgent LV unloading is required, we are impressed 
by the benefits of sublingual nifedipine. The com- 
bination of nifedipine and nitroglycerin is beneficial 
in the treatment of severe congestive heart failure,“ 
although this procedure is as yet unreported in the 
treatment of acute pulmonary edema. Furthermore, 
the combination of both of these agents with furose- 
mide seems desirable, though again not formally 
reported. There appears to be no adverse drug 
interaction between nifedipine and furosemide.” 

In patients with angina pectoris, excellent blood 
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pressure control provided by nifedipine administra- 
tion provides relief, but preferably not at the cost of 
an increase in peripheral vascular resistance. It may 
be that some beta blockers are more vasodilatory in 
effect and could be used preferentially. Alternative- 
ly, added therapy with nifedipine may improve 
control of the angina. 
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INTRODUCTION 





There is no longer any doubt that smoking imposes a. 


risk factor in the- development and outcome of 
cardiovascular, disease. As early as the 1950s, scien- 
tists focused on smoking and its harmful effects on 
hemodynamics and cardiac endpoints. Despite 
extensive scientific research throughout the world, 
_no chain of causation has yet been identified linking 
specific components. of tobacco smoke to mecha- 
nisms involved in cardiovascular disease. This is not 
surprising when one considers that tobacco smoke 
alone contains several thousand chemicals, many of 
which are biologically active. Alarmingly, emerging 
‘evidence’ suggests that smoking may interact with 
other known risk factors for cardiovascular disease, 
such. as hypertension .and _hypercholesterdlemia: 
such interactions provide a harsh prognosis for the 
person who smokes. ` 
. This symposium ‘brings together an exceptional 
breadth and depth of knowledge provided by cardio- 
vascular experts from varied backgrounds.’ The 


effects of smoking on the cardiovascular system are 


discussed from a variety of perspectives—epidemio- 
logic, pathophysiologic, biochemical, and clinical. 
Presentations and discussions range from the acute 
physiologic and metabolic effects of smoking to the 


` relationship between smoking and cardiovascular . 


mortality. Of practical relevance are the discussions 
on the clinical effects of various therapies currently 
used to treat smokers with cardiovascular complica- 
tions. Thus, the therapeutic success of recent 
advances’ in cardiovascular pharmacology is dis- 
cussed: A major question is, how does smoking, a 
major risk factor, affect the choice of aa with | 
which to treat hypertension? ‘ 
~ In the world of the 1980s, advances in public 
health have produced, a divergence:-between smoking 
habits on either side of the Atlantic. It will be 
interesting to observe:whether a parallel divergence 
occurs between smoking-related diseases in the 
years to come. Meanwhile, it must be accepted that 
despite public héalth warnings, some persons cannot 
or will not stop smoking. Well- considered antihyper- 
tensive. therapy must be provided to prevent any 
increase in. cardiovascular risk in these already 
high-risk patients. 

We thank the authors and i in particular, Jean 
Hudson and Ann Wilson, for editorial assistance in 
preparing the manuscripts for publication. 


Anne M. Paterson, M.Sc. 


Giuseppe Mancia, M.D. 
Garret A. FitzGerald, M.D. 
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PART 1. ETIOLOGY AND BACKGROUND OF SMOKING- INDUCED 


CARDIOVASCULAR RISK 





Opening remarks: The need to manage ask 
factors of coronary heart disease 


This symposium deals with the relationship between smoking and increased risk of 
cardiovascular disease within a number of perspectives ranging from. the biochemical to the 
epidemiologic. The established major risk factors for cardiovascular disease, hypertension, 
hypercholesterolemia, and smoking, are present, often in combination, in populations around the 
world. These factors have been found to interact in a synergistic manner to increase the risk of 

` coronary heart disease. Traditional antihypertensive treatment offers little protection against 
coronary heart disease, perhaps because antihypertensive drugs tend to be prescribed to reduce 
blood pressure without attention being paid to the presence of other risk factors. This 

- symposium should clarify new knowledge on cardiovascular risk factors, thus influencing future 

therapeutic strategies for hypertension and cardiovascular disease in patients who smoke. (Am 


Heart J 1988;115:240.) 


Giuseppe Mancia, M.D. Milan, Italy 


In dealing with the relationship between smoking 
and cardiovascular disease, this symposium. has 
three purposes, the first of which is to report current 
epidemiology on smoking as a risk factor contribut- 
ing to cardiovascular disease. Given the scientific 
environment provided by the Third European Meet- 
ing on Hypertension; much information is likely to 
be gained concerning high blood pressure and 
hypercholesterolemia, the other known risk factors 
in cardiovascular disease. The second purpose of the 
symposium is to review advances in our knowledge 
of cardiovascular effects of smoking from biochemi- 
cal, hemodynamic, and humoral perspectives. The 
third purpose is to discuss the consequences of 
smoking in the clinical management of patients with 
hypertension and coronary heart disease and the 
options for providing them with the best available 
_treatment. 


BACKGROUND OF SMOKING-INDUCED 
CARDIOVASCULAR RISK 


Issues regarding cardiovascular disease are of 
obvious relevance to public health. However, they 
have assumed key importance as more information 


From Cattedra di Semeiotica Medica and Istituto di Clinica Medica 
Generale e Terapia Medica, University of Milan, Consiglio Nazionale delle 
Richerche, and Centro Auxologico Italiano. 
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20122 Milan, Italy. 
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has been made available from experimental and 
clinical studies. In studies involving established 
major cardiovascular risk factors, that is, smoking, 
hypertension, and hypercholesterolemia, persons 
having only one of these risk factors show a two to 
four times increase in the incidence of coronary 
heart disease. The combination of two of these risk 
factors has been found to increase the incidence of 
coronary heart disease by as much as nine times and 
by as much as 16 times when all three of these risk 
factors are present (Fig. 1).'? Thus the adverse 
cardiovascular effects of these risk factors appear to 
interact in a synergistic rather than an arithmetic 
manner. 

This risk progression cannot’ be aada as 
involving only a few persons. In several populations 
around the world, the established risk factors for 
coronary heart disease are so widely distributed that 
the combination of two or three in a given subject is - 
no rare event. The Multiple Risk Factor Interven- 
tion Trial and Medical Research Council‘ studies 
found that among male hypertensive subjects, 35% 
and 34%, respectively, were smokers. A recently 
completed study,® which surveyed a population in 
Northern Europe, reported that only 20% of male 
hypertensive subjects were smokers. However, 
another 30% of these hypertensive patients were 
classified as exsmokers. It remains debatable wheth- 
er smoking cessation causes fast or complete regres- 
sion of increased cardiovascular risk.” In several 
epidemiologic investigations, the rate of hyperten- 
sive smokers was reported to be less in women than 
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in men. However, the Medical Research Council! 
study found that smokers were 33.5% of the overall 
female hypertensive population. l 
A common association has been reported between 
hypertension and dyslipidemia. In the Framingham 
Heart study, 33% of the hypertensive men and 32% 
`- of the hypertensive women had, serum cholesterol 
levels above 245 mg/dl. Furthermore, a high num- 
` ber of patients with hypertension as well as hyper- 
` cholesterolemia were reported in the Prospective 
Cardiovascular’ and the Multiple Risk Factor Inter- 
vention Trial studies,’ which also documented that 
smoking and high serum cholesterol occurred 
together in 27% of male hypertensive subjects and 
that hypercholesterolemia, hyperglycemia, and 
hyperuricemia occur more frequently in patients 
with hypertension than in normotensive subjects. 
Finally, it should be emphasized that these obser- 
vations are not limited to the United States and 
Northern’ Europe. An epidemiologic survey from 
Italy” has shown that 23% of hypertensive subjects 
‘have serum cholesterol levels >245 mg/dl. Further- 
more, this study reported that about 60% of male 
hypertensive patients were smokers. Thus, the 
occurrence of major cardiovascular risk factors with- 
in the same person is common to several countries. 


MANAGEMENT OF CARDIOVASCULAR RISK 


The third consideration concerns the manage- 
ment of patients with a multiple risk factor profile, 
such as hypertensive subjects who smoke. Antihy- 
pertensive treatment lowers the incidence of cardio- 
vascular morbidity and mortality.“3 However, this 
benefit does not restore the overall risk of the 
hypertensive population to the level of normoten- 
sive persons.“ Furthermore, antihypertensive treat- 
ment offers little or no protection against coronary 
heart disease, the most frequent complication of 
hypertension.‘ 1" Jt may be that hypertension has 
an element of irreducible risk. However, another 
explanation focuses on the prevailing unifactorial 
approach to the management of the hypertensive 
patient, rating therapeutic success from the degree 
of blood pressure reduction, with little attention to 
other risk factors. The latter explanation is sup- 
ported by evidence that in treated hypertensive 
persons, prognosis is worsened by the presence of 
- other risk factors: Unless hypertension is the only 
identified risk factor, limiting treatment to hyper- 
tension may not be enough. A multifactorial thera- 
peutic approach may need to.be pursued and test- 
ed. 

Do these findings carry any practical implications 
affecting the current choice of antihypertensive 
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Fig. 1. Increase in risk of coronary heart disease as a 

result of smoking, hypertension, and hypercholestero- 

lemia, relative to a 45-year-old nonsmoking man with a 

systolic blood pressure (SBP) of 110 mm Hg and total 

cholesterol of 185 mg/dl. Drawing made on the basis of 

data from the Framingham study. (From Kannel WB. _ 
Importance of hypertension as a major risk factor in 

cardiovascular disease in hypertension. In: Genest J, Koiw 

E, Kuchel O,.eds. Hypertension: physiopathology and 

treatment. New York: McGraw Hill, 1977:888-910.) 


drugs, that is, do they suggest that antihypertensive 


agents that directly or indirectly reduce other risk 
factors are preferable? This question remains to be 
answered because several aspects of the multifacto- 
rial strategy await demonstration by intervention 
studies. However, as a result of this symposium, 
some aspects may become sufficiently clear to allow 
identification of treatment that may benefit the 
smoking patient now, while we await scientific 
answers to explain the mechanisms of smoking- 
induced cardiovascular risk. 
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Coronary heart disease: Epidemiology of 
smoking and intervention studies of smoking 


Smoking i is -a strong risk factor for myocardial infarction (Mi) and sudden coronary death, but not 
for angina pectoris that is not complicated by a MI. Even light cigarette and pipe and cigar ` 
smokers run an increased risk for MI and sudden coronary death. Smoking potentiates other risk 
tactors such as lipid abnormalities and hypertension. Smoking increases blood pressure. acutely, 
but smokers have generally had lower blood pressures than nonsmokers in epidemiologic Bi 
studies. Smoking adversely affects the prognosis in patients who have suffered ‘a MI and those 
with angina pectoris. Of great: importance regarding community risk of smoking are the many 
light and moderate smokers. These persons should be addressed more vigorously in 1 Intervention 


efforts. (Am Heart J 1988; ais: 242.) 


Lars Wilhelmsen, M.D., Ph.D. Göteborg, Sweden 


Higher rates of disease and earlier death in tobacco 
smokers than in nonsmokers have been documented 
in many studies. Of the several diseases that account 
for excess disability and death in smokers, coronary 
heart disease (CHD) is the leading cause in North 
America and Northern Europe. In the many pro- 
spective population studies investigating risk factor 
patterns, various manifestations of CHD have been 
presented together. However, within. the group 
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CHD, there may be differences in cause and patho- 
physiology between manifestations such as angina 
pectoris (AP), nonfatal myocardial infarction (MI), 
fatal MI; and sudden coronary death (SCD). It is 
necessary, therefore, to study these manifestations 
separately to assess whether there are also differ- 
ences in risk factor pattern. Such’ assessments are 
often fraught with difficulty: some prospective 
studies have been too small or have had too short a 
follow-up, whereas other studies, have included toó 
largë an age range of patients at the time of entry, 
which has caused problems in data’ analysis. In 
studies in which there are data on smoking habits at 
the time of entry, there will be a tendency to 
underestimate the effect of smoking on the inci- 
derice of disease if persons stop smoking during the 
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Fig. 1. Smoking and risk for different manifestations of coronary heart disease (CHD) among men in the 
Framingham study. (Modified from Kannel WB, McGee DL, Castelli WP. Latest perspective on cigarette 
smoking and cardiovascular disease: the Framingham Study. J Cardiac Rehabil 1984;4:267-77.) 


follow-up period. For these reasons, it seems that 
the analysis of'such studies rarely differentiates 
between various manifestations of CHD, and in 
several studies the number of end points has been 
too low to allow firm conclusions to be made. 


SCD AND NONFATAL AND FATAL MI 


A large proportion of certified CHD deaths have 
been sudden, and a significant fraction of these 
SCDs have occurred in persons with no prior history 
of CHD. In those studies in which nonfatal and fatal 
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Fig. 2. Smoking and risk for different manifestations of coronary heart disease (CHD) among women in 
the Framingham study. (Modified from Kannel WB, McGee DL, Castelli WP. Latest perspective on 
cigarette smoking and cardiovascular disease: the Framingham Study. J Cardiac Rehabil 1984;4:267- 
77.) 


Angina 
pectoris 


MI and SCDs have been analyzed separately in 
relation to smoking habits, it has been found that 
the relative risks of nonfatal and fatal MI have been 
about two to three times higher in men who smoke 
than in men who do not smoke and about 1.5 to 3 
times more common in women who smoke than in 
those who do not. In the Framingham Study,! the 
relative risk of SCD was about 10 times higher in 
men who smoked than in nonsmoking men and 4.5 
times higher in women who smoked than in those 
who did not (Figs. 1 and 2). By comparison, a lower 
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Fig. 3. Smoking and risk for different manifestations of coronary heart disease among 7495 men, ages 47 
to 55 years at the time of entry and followed up for 11.8 years. MI = myocardial infarction. (Modified from 


The Primary Prevention Study, Géteborg, Sweden.) 
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Fig. 4. Number of cigarettes smoked and risk for MI/SCD and total mortality rate among 7495 men, ages 
47 to 55 years at the time of entry and followed up for 11.8 years. (Modified from The Primary Prevention 


Study, Göteborg, Sweden.) 


risk ratio for smoking and SCD, only slightly higher 


than that for MI, was seen for men in the Primary . 


Prevention Study in Géteborg, Sweden? (Fig. 3). In 
that study, a general population sample of men, ages 
47 to 55 years at the time of entry and followed up 
for 12 years, was investigated. 

According to most studies, increased risk is asso- 
ciated with increasing number of cigarettes 
smoked,** but the Göteborg Study showed that in 
men, the risk of CHD increased sharply between 
nonsmokers and former smokers and those smoking 
one to four cigarettes per day (Fig. 4). In those 
studies that have had an adequate number of events 


to examine, a clear dose-response relationship has 
been demonstrated for depth of inhalation,’ age at 
which persons started smoking,’ and total duration 
of the smoking habit.’ However, it should be empha- 
sized that no level of cigarette smoking can be 
regarded as safe with respect to CHD risk. 

A number of studies have investigated the relative 
risks for MI and SCD with regard to smoking pipes 
and cigars compared with cigarettes. In general, the 
risks from smoking pipes and cigars have been 
substantially lower than those from smoking ciga- 
rettes.6 Scandinavian studies have also suggested 
increased risk from smoking cigars and cheroots 
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Fig. 5. Type of smoking and risk for MI/SCD among 7495 men, ages 47 to 55 years at the time of entry 
and followed up for 11.8 years. (Modified from The Primary Prevention Study, Göteborg, Sweden.) 


compared with nonsmokers, but lesser risk for pipe 
smokers’? (Fig. 5). The lower risk for pipe and cigar 
smokers is thought to be a result of the tendency of 
pipe and cigar smokers not to inhale the smoke. 
Differences in risk findings between the Scandina- 
vian studies and others may be from inhalation 
differences: however, a definitive conclusion cannot 
be made with the data presently available. Never- 
theless, if noninhalation of smoke is the mechanism 
whereby risk is lowered, then the tendency to con- 
tinue to inhale after switching from cigarettes to 
pipes or cigars may minimize or eliminate any 
expected reduction in CHD risk. 


AP AND SMOKING 


In the few studies in which patients with uncom- 
plicated AP (i.e., not caused by a MI) have been 
investigated, it has been found consistently that the 
incidence of AP did not relate to smoking habits. In 
neither the Framingham Study.' nor the Göteborg 
Primary Prevention Study’ was the risk of AP 
significantly higher for smokers than for non- 
smokers (Figs. 1 to 3). This finding is markedly 
different from those for MI and SCD. The difference 
may have some implications for pathogenesis: a MI 
is generally caused by a coronary thrombosis super- 
imposed on an atherosclerotic coronary narrowing. 
Thus smoking may be more strongly related to 
aggregation of platelets and formation of fibrin 
thrombi than to atherosclerosis itself. Relationships 
between blood fibrinogen levels and acute CHD 
events have recently been demonstrated." ” At least 
part of the smoking effect may be mediated through 
fibrinogen elevation. 

It is noteworthy that for patients suffering from 


Table l. Linear correlations between tobacco smoking and 
other risk variables among 7495 men, ages 47 to 55 
years 








Direction p value 


Risk variable of association for correlation 


Physical activity (occupation) + 0.08 

Physical activity (leisure) = 0.001 
Diabetes mellitus 0 >0.2 

Psychological stress + 0.001 
Alcohol abuse + 0.001 
Relative body weight = 0.001 
Systolic blood pressure E 0.001 
Diastolic blood pressure — 0.001 
Serum cholesterol + 0.001 





Unpublished data from The Primary Prevention Study, Göteborg, Swe- 
den. 


AP, the prognosis is worse in persons who continue 
to smoke.! 


INTERACTIONS BETWEEN SMOKING AND OTHER RISK 
FACTORS FOR MI AND SCD 


Smoking is negatively associated with blood pres-- 
sure, relative body weight, and physical activity 
during leisure time, but is positively associated with 
total serum cholesterol, psychological stress, and 
alcohol abuse as indicated by the Swedish Temper- 
ance Board registration“ (Table I). Increases in 
blood pressure and relative body weight, low physi- 
cal activity during leisure time, high serum choles- 
terol, psychological stress, and excessive alcohol 
consumption were risk factors for MI and SCD in 
the Primary Prevention Study in Göteborg. 

Since most studies show a negative association 
between smoking and blood pressure, it is intriguing 
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Fig. 6. Relationship of systolic blood pressure (BP) and serum cholesterol to the probability of suffering 
MI/SCD among 855 men 50 years old at the time of entry and followed up for 13 years. The Study of Men 
Born in 1918, Göteborg. (Modified from Wilhelmsen L. Risk factors for disease according to population 
‘studies in Göteborg, Sweden. In: Medical aspects of mortality statistics, Scandia International Symposium 
1980. Stockholm: Almqvist och Wiksell International, 1981:73-85.) 


Table tl. MI and SCDs (CHD incidence) in relation to smoking habits; 11.8 years’ follow-up of a random population 
sample of men, ages 47 to 5& years, at the time of entry to the study 








Nonsmohkers 





Smokers (gm*/day) l 


1-14 15-24 225 Total 
~ No. at risk 3742 2415 ` 1105 178 7440 
CHD incidence (%) 46. 10.2 11.9 . 10.7 7.7 
No. of CHD events 173 247 132 19 571 
No. of CHD events if all had the nonsmokers’ risk 173 lil 51 8 342 
No. of CHD events attributable to smoking 0 136 81 11 229 ` 








*One cigarette = 1 gm, one cheroot = 2 gm, and one cigar = 5 gm. 


Unpublished data from The Primary Prevention Study, Géteborg, Sweden. 


that blood pressure increases transiently after smok- 
ing, most probably mediated by an adrenergic mech- 
anism. If smoking is associated with a slightly lower 
blood pressure, a rise in blood pressure might be 
` predicted after cessation of smoking, especially if 
associated with weight gain, but recent studies have 


not supported this concern. In the Multiple Risk 
Factor Intervention Trial,” smokers who quit lost 
less weight than those who did not quit; controlling 
for weight, there was no iricrease in blood pressure 
with cessation. of smoking. , 

A recent clinical study directly observed blood 
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Fig. 7. Relationship of systolic blood pressure (BP) and cigarette smoking to the probability of suffering 
MI/SCD among 855 men 50 years old at the time of entry and followed up for 13 years. The Study of Men 
Born in 1913, Göteborg. (Modified from Wilhelmsen L. Risk factors for disease according to population 
studies in Géteborg, Sweden. In: Medical aspects of mortality statistics, Scandia International ies a 
1980. Stockholm: Almavist och Wiksell International, 1981: 73- 85.) 


pressure effects of smoking in patients with mild 
hypertension. When 16 habitual smokers abstained 
from cigarettes, their blood pressure was significant- 
ly lower than usual. Smoking two cigarettes resulted 
in a blood pressure increase of 10/8 mm Hg that 
lasted approximately 15 minutes.'® 


SMOKING AS A RISK FACTOR FOR MI AND SCD 
MULTIVARIATE ANALYSIS 


Several investigations have suggested that the 
increase in CHD risk associated with smoking may 
be greater when other risk factors are present than 
when they are absent. Statistical problems have led 
to the adoption of special techniques such as isoton- 
‘ie regression analyses. The synergistic interaction 


between the major risk factors may explain the ` 


observation that the actual incidence of CHD in 
populations with low levels of serum cholesterol is 
substantially lower than that predicted by a multi- 
ple logistic equation!” (Fig. 6). If the synergistic 
interaction is present with low levels of the major 
risk factors to the same degree as with high levels of 


. Table Ill. Smoking cessation after MI 





Follow-up Mortality 


Study, location, period reduction 
and publications n (yr) ` (%) 
Göteborg l 938 10 38 


Wilhelmsson et al. 1975” 
Åberg et al. 1983” 

Dublin 374 13 55 
Mulcahy et al. 1975” ` 
Mulcahy 19837 


Framingham 202 6 60 
Sparrow et al. 1978” 

Helsinki 648 5 60 
Pohjola et al. 19797 


North Karelia 523 3 40 
‘Salonen et al. 1980% ; 





risk factors, then the impact of cigarette smoking on 
blood pressure (Fig. 7) in a population with low total 
cholesterol would be expected: to be smaller than 
that measured in a population with high total 
cholesterol. l 
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POPULATION ATTRIBUTABLE RISK 


The quantitative importance of smoking is depen- 


dent on the risk of smoking and the number of. 


smokers in the community and the extent of their 
smoking habits. Estimates indicate that as many as 
30% of all CHD deaths in the United States are 
attributable to cigarette smoking.” and even higher 
figures have been calculated for middle-aged Swe- 
dish men (Table II). The level of other risk factors is 
also important in this context. Because the preva- 
lence of very heavy smoking is rather low, it follows 
that a substantial fraction of the incidence of smok- 
ing-related CHD is derived from light and moderate 
smokers. This finding emphasizes that no level of 
cigarette smoking is safe with regard to CHD risk. 


SMOKING CESSATION 


In general, it has been found that compared with 
continuing smokers, the mortality rates in former 
smokers have been progressively lower with increas- 
ing intervals of smoking cessation. In the American 
Cancer Society Study,® emong those who had 
smoked <20 cigarettes/day, the CHD mortality rate 
after 10 years of cessation was comparable with that 
of those who had never smoked regularly. However, 
for those persons who had smoked 20 or more 
cigarettes per day, the CHD mortality rate remained 
35% higher, even after 10 years. 

There has been only one randomized controlled 
trial of stopping smoking in a healthy population. In 
Great Britain, civil servants were randomized either 
to continue or stop smoking.” There was a rather 
small tendency toward reduced incidence of CHD 
among those who stopped smoking, but the effect 
was not statistically significant. 

In all six observational studies in which patients 
with MI who stopped smoking were compared with 
those who continued to smoke, there was a reduction 
of mortality and infarct recurrences of about 40% or 
more (Table ITI). 


CONCLUSION 


Smoking has repeatedly been found to be associ- 
ated with future MI and SCD, but not with uncom- 
plicated AP. This difference may indicate differ- 
ences in pathogenesis, as previously indicated. Epi- 
demiologic data indicate a strong interaction with 
other risk factors. It is possible, and also supported 
by data from international comparisons, that per- 
sons with very low total cholesterol levels or lack of 
other lipid abnormalities do not run a particularly 
high risk for MI or SCD if they are smokers. Other 
cardiovascular manifestations such as stroke are not 
so strongly dependent on lipid abnormalities, and 
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smokers may well have a higher risk of such compli- 
cations even if they have fairly normal lipid levels. 
The same is certainly true for various forms of 
cancer, especially lung cancer. 

All epidemiologic data are consistent with the fact 
that smoking is an important risk factor for MI and 
SCD, but the exact pathophysiologic mechanism 
through which smoking exerts its influence is not 
definitely known.’ As previously indicated, there is 
only one trial reported in which the effect of anti- 
smoking advice has been assessed. However, the 
British trial did not provide strong statistical evi- 
dence for such an effect. Nevertheless, observational 
studies of stopping smoking in both a healthy 
population and among patients who have stopped 
smoking indicate that cessation of smoking is bene- 
ficial and should be recommended. 

Of great importance regarding community risk of 
smoking are the many light and moderate smokers. 
These smokers should be addressed more vigorously 
in intervention efforts. 
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GROUP DISCUSSION 


A. C. Arntzenius (Department of E TE University 
of Leiden, The Netherlands). With regard to the relation- 
ship between blood pressure and smoking, why is it that in 
field studies, people who smoke have lower blood pres- 
sures, yet when a person smokes, his blood pressure goes: 
up? 

L. Wilheimsen. There have been a few studies on the 
acute effects of smoking. We have done studies with 
nicotine chewing gum,” and others have used nicotine 
injections. With acute nicotine intake there is an increase 
in epinephrine level in the blood, as well as a marked 
increase in blood pressure and heart rate. However, in 
virtually all epidemiologic studies, blood pressure has 
been found to be somewhat lower among smokers. There 
is one possible explanation for the lower blood pressures 
among smokers: before smokers undergo epidemiologic 
investigation, they are usually asked to stop smoking for 
at least 4 hours beforehand. Thus their plasma nicotine 
and epinephrine levels may be atypical—abstinence may 
be an interfering factor. The finding that smokers -are 
leaner than nonsmokers is not sufficient to explain lower 
blood pressure. The Multiple Risk Factor Intervention 
Trial corrected for body weight, and yet found lower 
blood pressure among smokers. 

R. Kolloch (Medical University, Poliklinik, Bonn, West 
Germany). With regard to the risk of myocardial infarc- 
tion being higher than risk of angina pectoris in smokers, 
how does smoking affect platelet aggregation? 

L. Wiihelmsen. Our studies have shown that smoking 
two cigarettes increases platelet aggregation markedly. I 
believe that smoking acts more on the thrombotic process, 
platelet aggregation, than on atherosclerosis. 

M. Sznajderman (Institute of Cardiology, Warszawa, 
Poland). Is there a relationship between smoking and 
malignant hypertension? 

L. Wilhelmsen. Isles et al. showed a marked preva- 
lence of smoking among patients with malignant hyper- 
tension. ’ 





The cardiovascular pathology of smoking _ l 


Atherosclerosis, the process underlying coronary heart disease, peripheral vascular disease, and 
stroke, begins in childhood and progresses through several stages to result In clinically ‘manifest 
‘ disease in middle age and later. Elevated plasma low-density lipoprotein cholesterol levels, 
lowered high-density: lipoprotein cholestero! levels, and elevated blood pressure are associated 
with.more extensive and | more severe atherosclerosis and also with- greater risk of clinical 
disease. Cigarette smoking is firmly established as arisk factor for coronary heart disease and 
peripheral vascular disease. It is assoclated with more. severe coronary atherosclerosis, but not 
enough to account for the twofold or greater risk of coronary heart disease among smokers. 

` Smoking Is associated with much more severe atherosclerosis of the abdominal aorta, which is 
consistent with the much greaier risk of aortic aneurysm and peripheral vascular disease among 
smokers. Smoking induces a wide variety of physiologic responses, some of which appear likely 
to be involved in accelerating atherogenesis or increasing the probability of thrombosis. These 
responses include reduction in plasma- high-density lipoprotein cholesterol concentration, | 
elevation in plasma fibrinogen concentration, and: elevation. in white blood cell count. The rapid 
amelioration of ‘the risk of cardiovascular disease after cessation of smoking anasers that these 
processes are a Tpeeny reversible. (Am Heart J 1988; 1 15: 1250.) ; 


~ Henry C. ea Jr., MD. San Aioni PS 


The first major study associating smoking with ~ 


predicted risk of cardiovascular disease was pub- 
lished in 1958, and. subsequently confirmed by 
numerous epidemiologic studies from around- the 
world. The association has been so strong. and so 
consistent that smoking is now considered a cause of 
cardiovascular disease inthe common sense of the 
word. .However; a chain’ of causation that links 
specific components of. cigarette. smoke to mecha- 
nisms involved in smoking-associated cardiovascu- 
lar diseases has not yet: been identified. This review 
examines the limited knowledge ‘available concern- 


ing the physiologic, responses to cigarette smoking 


that may lead to cardiovascular disease. 


PATHOGENESIS OF ATHEROSCLEROSIS — f 


The two major forms -of cardiovascular disease 


associated with smoking, coronary heart disease and 
peripheral vascular disease, are sequelae of athero- 
sclerosis. The natural history of the atherosclerotic 
a process? i is displayed schematically in Fig. 1. Athero- 
oe sclerosis begins i in childhood with the accumulation 
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of lipid i in monocytes and smooth’ muscle sits of the 
arterial intima to form fatty streaks.** Aortic fatty - 

streaks, which appear shortly after birth, are present 

in almost all children after 10 years of age and 


increase rapidly i in extent between 3 and 15 years of 
‘age. Fatty streaks in ‘the coronary arteries appear 


after 10 years and increase rapidly i in extent between 
15 and 20 years of age. 

‘Fibrous plaques are elevated jain with cores gaf 
lipid and necrotic debris and caps of smooth muscle 
and connective tissue. These appear only rarely 
before 20 years, but increase rapidly. in prevalence 
and extent between 20 and 30 years of age. The 
frequency and severity of fibrous: plaques in the 


_ coronary’ arteries of young American men were 
dramatically illustrated by the landmark report of 


coronary atherosclerosis in Korean battle casualties 


-in 1953. This finding was confirmed by may 
: subsequent studies.**- 


The relationship between fatty streaks in child- 


_ hood and fibrous plaques in young adults i is contro- 


versial because of-the difficulty in obtaining direct 
evidence. The topic has been discussed extensively 
in reports concerned with lesions in children and in 
young adults’® and. in reviews." The present 
consensus is that fatty streaks progress to fibrous 
plaques at some anatomic sites by continued lipid 
deposition and proliferation -of smooth muscle and 
connective tissue. However, those i in other sites may 
remain as innocuous tatty streaks or regress. 
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Fig. 1. Schematic representation of the natural history of atherosclerosis and related clinical diseases. 
(Reproduced with permission from McGill Jr HC, Geer JC, Strong JP. Natural history of human 
atherosclerotic lesions. In: Sandler M, Bourne GH, eds. Atherosclerosis and its origin. New York: 


Academic Press, 1963:39-65.) 


Whatever its origin, there is no question about the 
significance of the fibrous plaque. When fibrous 
plaques increase in size and undergo vascularization, 
hemorrhage, ulceration, and thrombosis, they lead 
directly to arterial occlusion and infarction of the 
affected organ, or in the abdominal aorta, to weak- 
ening of the arterial media and formation of an 
aneurysm. Only at this stage does clinical disease 
become manifest. 

The physiologic, cellular, and molecular processes 
involved in the pathogenesis of atherosclerosis have 
been the subjects of an enormous number of investi- 
gations during the past 3 decades. Major research 
topics now include plasma lipoproteins, monocyte/ 
macrophages, arterial smooth muscle cells, and 
endothelial cells. Some plasma lipoproteins, particu- 
larly lower-density lipoproteins that contain apoli- 
poproteins B and E, are associated with more rapid 
progression of atherosclerosis, whereas high-density 
lipoproteins containing apolipoprotein A-I are asso- 
ciated with retarded progression. The monocyte/ 
macrophage is the major repository of lipid in fatty 
streaks of children,” and it interacts with atherogen- 
ic plasma lipoproteins and vascular wall cells.” The 
smooth muscle cell also accumulates lipid® and 
proliferates in fibrous plaques. Endothelium, the 
antithrombotic arterial lining and principal barrier 


between plasma and the arterial tissue where lesions 
develop, is believed to play an essential role in the 
pathogenesis of atherosclerosis. However, specific 
functional or structural abnormalities associated 
with atherogenesis have not yet been detected. 

Humoral and cellular mechanisms involved in the 
pathogenesis of atherosclerosis have been reviewed 
in a number of recent articles." 12 16-18 Current inves- 
tigations are directed at the roles of specific plasma 
lipoproteins, growth factors, chemotactic factors, 
steroid sex hormones, transformation and mutation 
of arterial cells, vasoactive hormones, hemostasis, 
blood pressure, heart rate, hemodynamic factors, 
connective tissue, and other processes. 

The long natural history of atherosclerosis and 
the complexity of its etiology and pathogenesis 
indicate that chronic exposure to a biologically 
active agent such as cigarette smoke could influence 
atherogenesis or atherosclerotic disease by many _ 
possible mechanisms. 


ASSOCIATION BETWEEN SMOKING AND SEVERITY OF 
ATHEROSCLEROSIS 


The first question regarding the link between 
smoking and atherosclerotic disease is whether 
smoking accelerates atherosclerosis, particularly the 
fibrous plaque. Data to answer this question are 
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Fig. 2. Coronary artery raised lesions (fibrous plaques and complicated lesions) by age and degree of 
smoking in 553 white men. (Drawn from data in Strong JP, Richards ML. Cigarette smoking and 
atherosclerosis in autopsied men. Atherosclerosis 1976;23:451-76.) 


limited because it is difficult to obtain reliable 
smoking histories on deceased persons whose arte- 
ries are available for measuring atherosclerotic 
lesions. To reduce confounding associations, sub- 
jects must be persons who died of causes other than 
atherosclerotic disease. Furthermore, the subjects 
least biased by other diseases, that is, persons dying 
of accidents, are most likely to have an autopsy in 
medical examiners’ laboratories and are least likely 
to have medical records from which smoking expo- 
sure can be extracted. 

Coronary arteries. The Surgeon General’s Report 
on the Health Consequences of Smoking” that 
focused on cardiovascular disease reviewed 11 
studies of the association between smoking and 
coronary atherosclerosis in about 7000 subjects.*° 
Three of the four larger studies, each involving more 
than 1000 subjects, found a positive association 
between smoking and advanced coronary athero- 
sclerosis.” 4 Typical results are shown in Fig. 2. 
The fourth large study” did not find a positive 
association, but was conducted in a population with 
a low risk of coronary heart disease. Four of the 
studies involved smaller numbers of subjects 
derived from larger groups whose smoking habits 
had been determined during life.” Only one of 
these four prospective studies found a positive asso- 
ciation between smoking and coronary atherosclero- 
sis. 

Taken together, these results suggest that heavy 
smokers have, on the average, slightly to moderately 


more extensive advanced coronary atherosclerosis 
(fibrous plaques and complicated lesions) than do 
nonsmokers. However, the difference does not seem 
sufficient to account for the twofold or greater risk 
of heavy smokers to develop clinically manifest 
coronary heart disease. Therefore it has been sug- 
gested that smoking may increase the risk of coro- 
nary heart disease by influencing the terminal occlu- 
sive episode (usually thrombosis), the size of the 
myocardial infarct, or the response of the heart to 
infarction. 

Aorta. The same Surgeon Generals Report? 
reviewed nine studies of aortic atherosclerosis in 
more than 6000 subjects, many of whom were the 
same subjects in whom coronary atherosclerosis was 
examined.” 7.272-34 Tn a few cases, iliac and femoral 
arteries were also evaluated.” These studies uni- 
formly found a positive association between smok- 
ing and aortic atherosclerosis, particularly with ath- 
erosclerosis in the abdominal aorta. Typical results 
are shown in Fig. 3. The evidence appears to be 
conclusive that smoking accelerates atherogenesis in 
the aorta and major arteries of the lower extremities 
and is consistent with the well-established predispo- 
sition of smokers to peripheral vascular disease. For 
example, Auerbach and Garfinkel found aortic 
aneurysms, which typically involve the abdominal 
aorta, eight times as frequently in smokers as in 
nonsmokers. 

Cerebral arteries. Two reports on smoking and 
atherosclerosis in the cerebral arteries of a small 
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Fig. 3. Abdominal aortic raised lesions (fibrous plaques and complicated lesions) and degree of smoking 
in 553 white men. (Drawn from data in Strong JP, Richards ML. Cigarette smoking and atherosclerosis in 


autopsied men. Atherosclerosis 1976;23:451-76.) 


number of subjects described a weak association.”* 
However, this evidence is so limited that a definite 
conclusion cannot be reached. 


ASSOCIATION BETWEEN SMOKING AND OTHER 
CARDIOVASCULAR LESIONS 


Myocardial arteries and arterioles. Three studies of 
intramyocardial arteries found thicker walls in the 
small arteries or arterioles of smokers than in non- 
smokers.***5 3° The thickening was principally 
caused by proliferation of medial smooth muscle.* 
This lesion has not been examined extensively, and 
there are no corresponding studies of myocardial 
function. Although unrelated pathogenetically to 
atherosclerosis, the thickening would be expected to 
compromise myocardial function and possibly aug- 
ment the damage caused by atherosclerosis of the 
extramyocardial coronary arteries. 


INTERACTION OF SMOKING WITH OTHER RISK 
FACTORS 


Epidemiologic data that relate smoking to coro- 
nary heart disease and peripheral vascular disease 
show that smoking is an independent risk factor. 
Thus, in multivariate analyses, the association 
between smoking and disease remains when the 
effects of other known risk factors are taken into 
account. Furthermore, when more than one of the 
major risk factors are present in the same person, 
the combined effects are additive. Thus, a smoker 
with hyperlipidemia and hypertension has a higher 


probability of developing coronary heart disease 
than does a nonsmoker with the same degrees of 
hyperlipidemia and hypertension. 

Both plasma cholesterol and blood pressure have 
predictive value at all levels, even at relatively low 
levels.” However, does smoking affect atherosclero- 
sis or increase risk of atherosclerotic disease when 
plasma cholesterol and blood pressure are low? 
Available evidence suggests that in the absence of 
hyperlipidemia, it does not. For example, in the 
Seven Countries Study, Keys®*® could not find an 
association between smoking and coronary heart 
disease in populations with low plasma cholesterol 
levels and low risk of coronary heart disease. As 
previously noted, the one study of smoking and 
coronary atherosclerosis in a low-risk population did 
not find an association.” It seems likely that smok- 
ing significantly augments atherosclerosis only in 
the presence of hyperlipidemia. 


ANIMAL EXPERIMENTATION 


All reported attempts to demonstrate the effects 
of cigarette smoke inhalation on experimental ath- 
erosclerosis have failed. There were no effects in 
normocholesterolemic or hypercholesterolemic rab- 
bits? or normocholesterolemic monkeys. *! Smoke 
inhalation altered the plasma lipoprotein composi- 
tion of White Carneau pigeons fed an atherogenic 
diet, but there were no reports of effects on arterial 
lesions. A number of experiments that have exam- 
ined the effects of carbon monoxide and nicotine on 
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experimental atherosclerosis have yielded inconsis- 
tent results. This failure to reproduce atherosclerot- 
ic effects of smoking in experimental animals that 
are similar to the effects observed in humans has 
hampered efforts to determine the mechanisms 
involved. 


POTENTIAL MECHANISMS OF SMOKING EFFECTS 


The many humoral and cellular processes 
involved in atherogenesis and the terminal occlusive 
episode provide many opportunities for chronic 
exposure to cigarette smoke to influence the process. 
We will review only those mechanisms that seem 
most likely to be involved. i 

Plasma lipids and lipoproteins. Comparisons of 
smokers and nonsmokers have failed to show consis- 
tent differences in plasma cholesterol concentration, 
the major risk factor for atherosclerotic disease. 
However, low-density lipoprotein (LDL) is associ- 
ated with more severe atherosclerosis and greater 
risk of atherosclerotic disease, and high-density 
lipoprotein (HDL) with less severe atherosclerosis 
and lower risk of disease.“ *“ Since plasma cholester- 
ol is carried in both of these lipoproteins, lipoprotein 
cholesterol levels are better predictors than plasma 
cholesterol concentration alone. Several recent 
studies have shown that smokers have lower HDL 
cholesterol concentrations than nonsmokers.“** The 
difference is usually small, 5 mg/dl or less, but this 
difference represents a 10% decrease and would be 
expected to affect atherogenesis to a significant 
degree, particularly if it were maintained for 20 or 30 
years between young adulthood and middle age. The 
same studies also show a tendency for LDL choles- 
terol to be slightly elevated, an effect that would 
offset the lower HDL contribution to plasma choles- 
terol concentration. 

Interpreting the effect cf smoking on HDL is 
complicated by the association between smoking 
and alcohol use. Alcohol elevates plasma HDL levels 
when intake is low. How smoking causes a depres- 
sion of plasma HDL cholesterol concentrations is 
not known; this question is difficult to study because 
the metabolism of HDL is much less understood 
than that of LDL. 

Erythrocytes. A number of studies have shown 
that the hematocrit and hemoglobin concentrations 
and erythrocyte count are elevated in smokers.” 
Mild polycythemia might contribute to reduced 
blood flow or increased risk of thrombosis, but this 
mechanism does not seem likely to explain the ef- 
fects of smoking on atherogenesis or myocardial in- 
farction. 

Leukocytes. One of the most consistent abnormal- 
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ities found in smokers is an elevated white blood cell 
(WBC) count.: In turn, the WBC count is a strong 
predictor of myocardial infarction independent of 
smoking.” Ernst et al.” recently reviewed additional 
epidemiologic evidence confirming the WBC count 
as a predictor for myocardial infarction. They sug- 
gested that WBCs might obstruct small vessels, alter 
blood flow properties, or injure endothelial cells. 
There are other possible mechanisms: for example, 
WBCs are involved in the pathogenesis of myocardi- 
al infarction, and an increased number of activated 
circulating leukocytes might contribute to the 
extension of the infarct. The WBC count also may 
be a marker for some other abnormality of the 
vascular system directly linked to coronary heart 
disease. Although the elevated WBC count in smok- 
ers has received relatively little attention, it presents 
several likely hypotheses to explain the effects of 
smoking on atherosclerotic disease by augmenting 
atherogenesis, thrombosis, infarction, or all three. 
Hemostasis. Any response of the hemostatic sys- 
tem to chronic cigarette smoking that increased the 
probability of thrombosis would be a likely mecha- 
nism by which smoking could increase the rate of 
growth of atherosclerotic lesions, the incidence of 
occlusive arterial thrombi over established plaques, 
or both. The demonstration that smokers have 
increased plasma fibrinogen levels®* and that fibrin- 
ogen levels independently predict risk of coronary 
heart disease’ suggests another possible mechanism 
of the smoking effect on coronary heart disease. 


‘ Elevated fibrinogen levels may also be related to 


elevated WBC counts by being markers for the same 
condition or by one causing the other. However, data 


bearing on this issue are not available. 


Other potential mechanisms. There are so many 
physiologic responses to cigarette smoking that a list 
of possible intervening variables could become quite 
large. However, obesity and hypertension are two 
conditions not on the list, since smokers are leaner 
than nonsmokers and tend to have lower blood 
pressures.” 


RESULTS OF SMOKING CESSATION 


_ Almost all studies of the results of cessation of 
smoking have found that risk of coronary heart 
disease reverts rapidly to that of the nonsmoker.” 
The risk of cardiovascular disease declines much 
more rapidly than the risk of lung cancer after 
cessation of smoking. On average, the excess risk of 
coronary heart disease among smokers drops by 
50% within the first year after cessation of smoking 
and disappears completely within 10 years. This 
rapid recovery has been interpreted as indicating 
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that smoking affects coronary heart disease mainly 
by increasing the risk of thrombosis or infarction 
rather than augmenting atherosclerosis. It seems 
that it would require longer than 1 year for signifi- 
cant regression of atherosclerosis to occur, whereas a 
tendency to thrombosis might be reversed within a 
few weeks. However, the rate of myocardial infarc- 
tion also declines only a few years after modest 
teduction in plasma LDL cholesterol concentra- 
tion.® Similar rapid reversals of risk occur in other 
common chronic diseases when the causative agent 
is removed: for example, the risk of cirrhosis of the 
liver declines rapidly when alcohol is removed.” 
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GROUP DISCUSSION 


K. H. Giinther (East Berlin, East Germany). What 
pathologic changes occur after cessation of smoking in a 
hypertensive patient? 

H. C. McGill. We do not have any information on the 
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effects of smoking cessation on lesions, arteries, or the 
heart. The only available information concerns the inci- 
dence of clinical events in the exsmoker. 

N. M. Kaplan. Is there a good experimental model for 
observing progressive changes after cessation of smok- 
ing? 

H. C. McGill. Unfortunately, there is no good animal 
model for smoking and cardiovascular disease, and studies 
of humans have been extraordinarily difficult. 
` C. T: Dollery. Could you comment on abdominal aortic 
aneurysm in smokers, which seems to be a strongly 
smoking-related event? 

H. C. McGill. Smokers have more coronary atherosclero- 
sis than do nonsmokers. With regard to atherosclerosis in 
the abdominal aorta, the differential between smokers and 
nonsmokers is much greater than in the coronary arteries. 
This relationship has not been given much attention in the 
epidemiologic studies. A variety of plausible mechanisms 
have been suggested, for example, an atherogenic effect, a 
thrombotic effect, an effect on ischemic injury, or on 
target organ function. Mechanisms are probably not the 
same in every person. i 

L. Wilheimsen. I do not rule out an effect of smoking on 
atherosclerosis. However, in coronary artery disease and 
smoking, the thrombotic system may be important. There 
is no question that there is a very strong relationship 
between smoking and peripheral artery disease, such as 
intermittent claudication. Smoking is definitely related to 
atherosclerosis, but atherosclerosis and thrombosis also 
seem to be related. 

'F. R. Bühler. We have found a relationship between 
hematocrit and smoking, which makes sense pathophysio- 
logically as regards to the smoking-induced thromboem- 
bolic event: Are you aware of any evidence linking hema- 
tocrit with clinical manifestations of smòking? 

H. C. McGill. There is speculation that increased hema- 
tocrit predisposes to thrombosis by interfering with blood 
flow. I am unaware of any evidence linking hematocrit 
with clinical manifestations. 

L. Wilhelmsen: There are studies that claim a link 
between hematocrit and the clinical manifestations of 
smoking. For example, some studies have shown an asso- 
ciation between increased ‘sedimentation rate and 
increased risk of coronary heart disease. A few studies 
have indicated some types of chronic inflammation in the 
body, which may increase risk of coronary heart disease. 
However, our studies with hematocrit have shown no 
relationships so far. l 

F. R. Bühler. In our studies, we have not found an 
elevated white blood cell count among smokers. Where do 
you see the pathophysiologic bridge between the white 
blood cell count that relates to smoking and cardiac event 
rate? l 

H.C. McGill. In JAMA about 2 months ago, there was an 
extensive review by Ernst et al.,™ linking white cell count 
with coronary heart disease. A number of studies link 
higher white cell counts with smoking. I have seen unpub- 
lished results from the Lipid Research Clinics Program 
that not only show the association between white cell 
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count and smoking, but show that the white cell count is 
more predictive of clinical events in that study than 
smoking itself. It is important to recognize that plasma 
fibrinogen and white cell count may simply be indicators 
of some other mechanism 

O. D. Mjøs. I understand that the evidence is debatable 
about whether smoking increases the number of white 
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cells. However, activation of white cells must be consid- 
ered, in addition to the total number. Smoking may 
activate white cells, thus causing these cells to produce 
free oxygen radicals such as peroxides and superoxides. 
These radicals are vasoactive and may be involved in the 
atherosclerotic process. 


PART 2. SMOKING: CARDIOVASCULAR PHYSIOLOGY AND METABOLIC 


EFFECTS 





Smoking and mechanisms of cardiovascular 


control 


In humans short-term administration of nicotine, whether by smoking or intravenous injection, will 
typically raise blood pressure by 5 to 10 mm Hg and heart rate by 10 to 25 bpm. Smoking 
causes reduced myocardial contractility and left ventricular function in patients -with angina 
pectoris or heart failure. Nicotine’s mechanism of action is more complex than the classic 
concept of nicotinic ganglionic stimulation can account for. Nicotine exerts a potent pressor | 
effect in the ventral lateral medulla (C-1 area). Little current data are available documenting the 
efficacy of centrally acting antihypertensive agents and converting-enzyme inhibitors with regard 
to preventing nicotine’s acute cardiovascular effects. (Am Heart J 1988;115:258.) 


David Robertson, M.D., Ching-Jiunn Tseng, M. D., and 


Martin Appalsamy, B.S. pele Tenn. 


It is likely that several of the thousands of compo- 
nents in tobacco smoke contribute to the chronic hor- 
monal and cardiovascular effects of smoking. Two 
components, carbon monoxide and nicotine, seem to 
account for most of the acute effects. Carbon mon- 
oxide reduces oxygen delivery to the tissues and 
increases vascular permeability. However, the major 
determinant of the acute cardiovascular effects of 
smoking is nicotine. This review concentrates on the 
cardiovascular pharmacolegy of nicotine. 

Nicotine is classically considered an agonist at nic- 
otinic receptors at the level of autonomic ganglia and 
neuromuscular junction of skeletal muscle.** In cer- 
tain circumstances nicotine also exhibits nicotinic- 
blocking properties’; therefore the effect of nicotine 
will vary depending on dose and route of administra- 
tion. Nicotine has an unusual pharmacokinetic pro- 
file, which complicates the interpretation of clinical 
studies in healthy young men. It has a clearance of 
1300 ml/min, a distribution volume of 180 L, and a 
terminal half-life of 2 hours.*® The clinical effect of 
short-term boluses of nicotine generally suggests a 
much shorter (nonterminal) half-life. 
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HORMONAL EFFECTS 


‘Many of the hormonal effects: of. nicotine hae 
important cardiovascular implications. Nicotine 
increases vasopressin,® adrenocorticotrophic hor- 
mone,’ and gastrin® levels in blood. However, blood 
cortisol®’ and enkephalin? levels and plasma renin i 
activity” are unchanged by nicotine. 

There is accumulating evidence for altered plasma 
lipid levels associated with smoking and nicotine.“ “ 
Smokers have lower plasma high-density lipoprotein 
(HDL) cholesterol levels than either nonsmokers or 
former smokers." In short-term studies, smoking 
has been found to inhibit degradation of plasma 


_ very low-density lipoprotein. 22 Short-term smoking 


has also been found to reduce plasma HDL, choles- 
terol.” Despite. these findings, investigators have 


_ been unable to detect any alteration by smoking of 


variables such as high-affinity low-density lipopro- 
tein receptor activity, hydroxymethylglutaryl coen- 
zyme A reductase activity, acid lipase, or cholesterol 
ester hydrolase. 18,14 However, in male squirrel mon- 
keys given oral nicotine for an extended period, 


- blood low-density lipoprotein cholesterol levels were 


increased with no associated fall in HDL cholesterol 
levels. Plasma lipid abnornialities as a résult of 
smoking are treated at greater length elsewhere in 
this supplement.” 


ACUTE CARDIOVASCULAR CONTROL 


The short-term administration of nicotine, 
whether by smoking or intravenous injection, will 
usually elicit a 5 to 10 mm Hg increase in blood 
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Fig. 1. Points at which nicotine has effects on neurocardiovascular control. NTS = nucleus tractus 


solitarii; AP = area postrema. 


pressure and a 15 to 25 bpm increase in heart 
rate.t122? Maternal smoking of one cigarette 
increases fetal heart rate by 10%. In humans, the 
short-term effect of nicotine on heart rate reaches a 
maximum at 5 to 10 minutes, even if nicotine 
infusion continues and plasma nicotine levels con- 
tinue to rise.* After continuous infusion (1.0 to 2.0 
ug/kg/min for 30 minutes), given nicotine concentra- 
tions have less effect on heart rate, which is consis- 


` tent with the development of tolerance.* 


The increase in blood pressure is at least partly 
from increased peripheral resistance. Skin tempera- 
ture, a variable that reflects skin blood flow, 
decreases in parallel to plasma nicotine levels.*” In 
long-term smokers, between cigarettes, blood pres- 
sures may be less than average blood pressures for 
nonsmokers: the reasons for this surprising observa- 
tion are not known. Nicctine’s pressor effect is far 
more potent in the spontaneously hypertensive rat 
than in the Wistar-Kyoto control animal. However, 
data from human studies are inadequate to deter- 
mine whether nicotine is significantly more “adren- 
ergic” in hypertensive than in normotensive per- 
sons. 


Smoking with inhalation causes a large short-term 
increase in cardiac output and stroke volume. Intra- 
venous nicotine in healthy subjects acts similarly.” 
However, there is considerable variation between 
persons regarding the effect of nicotine and smoking 
on cardiac performance. For example, the studies of 
Strauer et al.” found that healthy subjects re- 
sponded to cigarette smoking with a moderate 
increase in global and regional wall motion of the 
left ventricle, with enhancement of contractility. A 
qualitatively similar pattern was found in patients 
with compensated hypertensive hypertrophy. How- 
ever, in patients with dilatative cardiomyopathy, 
advanced coronary artery disease, and decompen- 
sated hypertensive heart disease, cigarette smoking 
was associated with depression in overall and region- 
al contraction behavior of the left ventricular myo- 
cardium. For patients with coronary artery disease, 
cigarette smoking was accompanied by marked 
depression of the regional contraction pattern in 
hypokinetic, akinetic, and dyskinetic zones, as well 
as in the nonischemic zones. 

The administration of nicotine into the coro- 
nary artery in dogs and cats raises the coronary 
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Fig. 2. Representative tracing of the cardiovascular 
effects of microinjection of nicotine (123 pmol) into the 
nucleus tractus solitarii of rats. The upper register dis- 
plays systolic and diastolic blood pressure (BP) continu- 
ously at a paper speed of 10 mm/min. The lower register 
displays beat-to-beat heart rate (HR). 


vascular resistance.”*”’ In human subjects, smoking 
often causes little acute change in coronary blood 
flow if the subjects are free of medications.” How- 
ever, since blood pressure and heart rate increase, 
the lack of a rise in coronary blood flow implies a 
vasoconstrictory influence. In the presence of 
alpha-adrenergic receptor inhibition with phentol- 
amine, smoking elicits an increase in coronary blood 
flow, whereas in the presence of beta-adrenergic 
receptor inhibition, smoking reduces coronary blood 
flow.” 

In the model of Folts and Bonebrake® of artifi- 
cially stenosed coronary arteries in the dog, admin- 
istration of cigarette smoke acutely elevated plasma 
epinephrine levels ninefold and increased hemato- 
crit level several percent. Spontaneous cyclic reduc- 
tions in coronary blood flow were greatly exacer- 
bated in the number of flow reductions, size of flow 
reductions, and rate of flow reduction. Intravenous 
nicotine had a similar effect to cigarette smoking 
administration. Phentolamine (3 mg/kg intrave- 
nously) inhibited the exacerbations previously 
described,” suggesting a role for alpha-adrenergic 
receptor stimulation. Although it was initially 
thought that alpha-adrenergic receptor stimulation 
of platelets produced this effect, the situation may 
be more complex. Insulin-induced hypoglycemia 
raises plasma norepinephrine levels 50-fold in 
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Fig. 3. Representative tracing of the cardiovascular 
effects of microinjections of nicotine (370 pmol) into the 
C-1 area of the rostral lateral ventral medulla in rats. The 
upper register displays systolic and diastolic blood pres- 
sure (BP) continuously at a paper speed of 2.5 mm/min. 
The lower register displays beat-to-beat heart rate 
(HR). 


humans, and yet did not alter biochemical indexes of 
platelet function in six healthy subjects. In the © 
study of Folts and Bonebrake,® there was a very 
large increase in blood pressure, approximately 
50%, which may have affected some of the coronary 
blood flow variables. 

For patients with angina, whether treated with 
propranolol, atenolol, or nifedipine, their angina was 
worsened by cigarette smoking.” Of patients who 
survived cardiac arrest in Seattle, those who stopped 
smoking had a lower incidence of recurrent arrest 
than those who continued to smoke (19% vs 27% 
after 3 years). Within 5 to 10 years of quitting 
smoking, the risk in myocardial infarction has been 
found to decrease to a level virtually the same as 
that in nonsmokers.* The relationship between 
smoking and ischemic events is treated in detail 
by Lars Wilhelmsen elsewhere in this supple- 
ment.’ 


MECHANISM OF NICOTINE EFFECTS 


It is not possible to explain all of nicotine’s 
short-term cardiovascular effects simply on the 
basis of nicotinic stimulation of the autonomic gan- 
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glia. Several additional mechanisms may be opera- 
tive. Nicotine’s direct effect of releasing catechol- 
amine stores in the heart was demonstrated in 
1958. Release of adrenomedullary epinephrine has 
been found to occur with both smoking and nicotine 
administration. When fairly large doses of nico- 
tine are administered, a Bezold-Jarisch reflex can be 
elicited in animals. 4 This reflex may underlie the 
nausea that sometimes accompanies initial or exces- 
sive tobacco dosing in humans. Nicotine is known to 
stimulate carotid body chemoreceptors and may 
interact with aortic baroreceptors. The latter effect 
has received very little attention in clinical investi- 
gation. 

Because of the psychological effects of nicotine, 
direct actions of nicotine in the brain to raise blood 
pressure and heart rate were investigated in rats 
(Fig. 1). In most areas of the brain stem, nicotine 
elicited vasodepression and bradycardia (Fig. 2), 
although there was an initial, small, transient 
increase in blood pressure. However, in the ventral 
medulla in the vicinity of the C-1 neurons, which 
contain neuropeptide Y and epinephrine, nicotine 
elicited a uniformly pressor response (Fig. 3). This 
area includes cell bodies that send efferents through 
the bulbospinal tract to terminate in the interme- 
diolateral column of the spinal cord. Pregan- 
glionic sympathetic neurons originate in this latter 
site. 

The possibility that nicotine might exert a major 
portion of its pressor effect in the ventral medulla 
requires further study. If the ventral medulla were a 
major pressor site, nicotine would be acting distally 
to or at the level of centrally acting antihypertensive 
agents such as clonidine, guanabenz, and methlydo- 
pa. These latter agents may be unable to attenuate 
nicotine’s short-term pressor effects. In contrast, 
agents acting peripherally on the sympathetic ner- 
vous system, such as œ,-adrenergic receptor inhibi- 
tors, would be able to attenuate the short-term 
pressor effects of nicotine. Moreover, agents acting 
principally on the peripheral renin system, captopril 
and enalapril, might fail to attenuate the short-term 
effects of nicotine, since plasma renin activity is not 
raised by nicotine. Unfortunately, these questions 
have thus far failed to be addressed definitively in 
the medical literature. 

Since the submisssion of this manuscript, Dr. Hre- 
day N. Sapru® has published observations of nicotine 
effects similar to ours in the C-1 area of the medulla. 
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GROUP DISCUSSION 


G. Parati (Centro Fisiol. Clin. e Ipertensione, University 
of Milan, Italy). Have you any evidence on the possible 
interference of smoking with neural control of circulation 
exerted by arterial baroreceptors? 

D. Robertson. There is no definitive study in human 
subjects disclosing a chronic baroreceptor abnormality in 
smokers. Such a study would be valuable. 

M. Sznajderman (Institute of Cardiology, Warszawa, 
Poland). I would be interested to hear further discussion 
regarding the mechanisms responsible for blood pressure 
levels obtained in smokers. Dr. Wilhelmsen pointed out 
the inverse correlation between blood pressure and smok- 
ing in epidemiologic studies. f 

D. Robertson. Short-term smoking raises blood pres- 
sure, yet between cigarettes, blood pressures in long-term 
smokers can be less than those obtained in nonsmokers. I 
believe the mechanisms producing such effects are a 
mystery and a subject that needs our attention. In epide-. 
miologic studies, patients are not usually smoking when 
they have their blood pressures taken, so there may be 
artifacts in the data produced. Parasympathetic control 
could also be involved in blood pressure control between 
cigarettes. It is worth noting that in patients with 
impaired sympathetic nervous transmission, nicotine 
produces a transient fall in blood pressure. One possible 
explanation is that in blood pressure response, greater 
tolerance may develop in one branch of the autonomic 
system compared with the other. In regard to other 
mechanisms, one study showed that plasma renin activity 
was not raised acutely by smoking,” but that vasopressin 
may in fact be raised acutely by smoking.® So these are two 
further potential pressor mechanisms that we cannot 
adduce to explain this phenomenon. 

L. Wilhelmsen. Our studies with nicotine chewing 
gum showed that the rise in blood pressure was associated 
with an increase in blood nicotine levels. However, I can- 
not tell you if this effect is similar for smoking; we did 
not do that experiment. Furthermore, in epidemiologic 
studies, former smokers do not have higher blood pres- 
sures than nonsmokers, provided body weight remains 


‘constant. 


C. T. Dollery. Some years ago, Peter Lewis and I 
conducted some studies in which we gave intravenous 
nicotine in a series of 0.1 mg pulses, which were intended 
to simulate the effect of smoking. We obtained the type of 
cardiovascular changes that the panel has described. We 
did not attempt to make a very close match in persons 
between these injections and the plasma nicotine concen- 
trations that one would receive from smoking. I do not 
believe that it is necessary to invoke any other mechanism 
for the main cardiovascular effects. 
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G. Mancia. Is there any evidence regarding participation 
of, or changes in, the renin angiotensin system during 
acute cigarette smoking? It is a slower system than the 
sympathetic one, but there is evidence that renin secretion 
and plasma renin activity can be substantially increased 
over several minutes. There is beta- and alpha-receptor 
involvement.in the renin-secreting process. 

D. Robertson. One would expect that plasma renin 
activity would rise acutely with nicotine. One study that 


has addressed that is the study of Dr. Michelakis” in the 
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past year or so. He was unable to demonstrate that renin 
was raised in smokers, and he did not find that nicotine 
stimulated renin release in kidney slices. Similarly, in 
experimental animals, renin levels were not raised with 
administration of nicotine. In the doses that are actually 
used by smokers, it seems unlikely that nicotine would 
affect renin secretion. I do not understand the findings: I 
would expect anything that is exerting beta-stimulation 
part of the time would raise renin activity. 





Effects of smoking on the heart and peripheral 


circulation 


Cigarette smoking increases heart rate, arterial blood pressure, and plasma. catecholamine 
levels. In healthy subjects the increase in heart rate occurs in the absence of peripheral 
vasoconstriction. In the. studies reported here, short-term beta-blockade increased peripheral 
vascular resistance during smoking, more so for the nonselective beta-blocker propranolol than 
for the 6,-seléctive blocker atenolol. However, after 3 months of continuous treatment of 
hypertensive patients with beta-blockers, smoking produced similar increases in blood pressure 
for atenolol and propranolol. Smoking attenuated the beneficial bload pressure~lowering effect 
of beta-blockers. Short-term clinical studies with the nonselective alpha- -inhibitor phentolamine 
have suggested that blockade of arteriolar alpha-receptors may eliminate the increase in blood 
pressure response to smoking. Treatnient. with alpha-inhibitors also increased coronary sinus 
blood flow In patients with atherosclerotic artery disease. For patients who smoke, . 
alpha-inhibiting drugs may provide beneficial therapy for hypertension and other cardiovascular 


disorders.. {Am Heart J 1988;115:263.) 


Jens Trap-Jensen, M.D. Frederiksberg, Denmark 


It is well established that cigarette smoking acutely 
increasés catecholamine levels in blood and causes 
heart rate and blood pressure to rise.‘ Within 1 
minute of starting smoking, heart rate begins to 
increase and can increase by 30% during the first 10 
minutes of the smoking period. Heart rate may 
begin to decrease as smoking continues, but does not 
return to resting value immediately after smoking 
has ceased. Blood pressure tends to follow the same 
trend as heart rate.” Fig. 1 shows acute effects of 
smoking on other hemodynamic parameters mea- 
sured after 10 minutes of smoking with seven 
healthy young smokers given two cigarettes (total, 5 
mg of nicotine) smoked over a 15-minute period.’ 


From the Department of Clinical Physiology, Frederiksberg Hospital. 
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Heart rate increased by more than 20%, and systolic 
and diastolic blood pressures increased by about 
10% and 7%, respectively. Forearm blood flow (a 
measure.of peripheral blood flow) increased by more 
than 15%, forearm vascular resistance remaining 
unchanged. Thus the increase in forearm blood flow 
resulted from the increase in systolic blood pressure 
rather than by vasodilation of peripheral blood 
vessels. 


SMOKING HYPERTENSIVES: CLINICAL TRIALS 


The results from the Medical Research Council’s 
trial on the treatment of mild hypertension" showed 
that patients who smoke allocated to long-term 
treatment with the nonselective beta-blocker pro- 
pranolol had higher arterial bood pressure compared 
with patients who smoke allocated to long-term 
treatment with the diuretic bendrofluazide. Fur- 
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Fig. 1. Mean percentage changes in some hemodynamic parameters, measured after 10 minutes of 
smoking, for healthy young smokers. HR = heart rate; BP; = systolic blood pressure; BP, = diastolic blood 
pressure; FBF = forearm blood flow; FVR = forearm vascular resistance. (Modified from Trap-Jensen J, 
Carlsen JE, Svendsen TL, Christensen NJ. Cardiovascular and adrenergic effects of cigarette smoking 
during immediate non-selective 6-adrenoceptor blockade in humans. Eur J Clin Invest 1979;9:181-3.) 
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Fig. 2. Mean forearm vascular resistance before and 
during smoking, after placebo, or after acute intravenous 
beta-blockade with propranolol or atenolol. Units (y axis) 
are arbitrary. 


thermore, the incidence of stroke was approximately 
the same for nonsmokers as for smokers in the 
diuretic group, but in the group treated with the 
beta-blocker, those who continued to smoke during 
treatment had a much higher incidence of stroke. 
_To investigate these differing treatment effects, 
we undertook short-term and long-term double- 
blind crossover studies. In short-term studies’ with 
seven healthy subjects, we measured hemodynamic 
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Fig. 3. Mean systolic and diastolic blood pressures 
before and after 3 months of treatment with atenolol or 
propranolol in mild-to-moderate hypertensive smokers. 
B= before treatment; T = after 3 months of treatment; 
S = during smoking after 3.months of treatment. (Modi- 
fied from Tangøg M, Krogsgaard AR, Trap-Jensen J, 
Schlager J. Haemodynamic effects of cigarette smoking 
before and during long-term non-selective and selective 
beta-adrenergic blockade in patients with arterial hyper- 
tension. Acta Med Scand 1985;693(supp]):111-4.) 


effects of smoking after administration of atenolol 
(8,-selective blocker), propranolol (nonselective 
beta-blocker), or saline solution. Fig. 2 shows acute 
changes in forearm vascular resistance (an indica- 
tion of peripheral blood flow) on smoking. Smoking 
produced a large increase in forearm vascular resis- 
tance, that is, peripheral vasoconstriction, in pro- 
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Fig. 4. Mean systolic blood pressure measured during 
smoking and “sham” smoking (using a drinking straw) in 
the absence (placebo) and presence of acute adrenergic 
blockade in healthy smokers. The adrenergic double 
blockade was accomplished with intravenous phentol- 
amine and propranolol. (Modified from Cryer PE, Hay- 
mond MW, Santiago JW, Shah SD. Norepinephrine and 
epinephrine release and adrenergic mediation of smoking- 
associated hemodynamic and metabolic events. N Engl J 
Med 1976;295:573-7.): 


pranolol-treated patients. By comparison, a smaller 
increase in forearm vascular resistance was obtained 
in atenolol-treated patients, reflecting the 6,-selec- 
tive nature of atenolol. In all three groups, plasma 
epinephrine increased markedly but equally with 
smoking.” 

The long-term study used 12 middle-aged habitu- 
al smokers who were mild-to-moderate hyperten- 
sives. The hemodynamic effects of smoking were 
studied before and after 3 months of continual 
double-blind treatment with atenolol or proprano- 
lol. Surprisingly, smoking produced similar 
increases in systolic and diastolic pressures after 
long-term treatment with atenolol and propranolol 
(Fig. 3). Fig. 3 also illustrates attenuation of the 
blood pressure—lowering effect of these beta-block- 
_ ers during smoking. 


OTHER INVESTIGATIONS 


- Using phentolamine (nonselective alpha-inhibi- 
tor) and propranolol, Cryer et al.! studied the short- 
term effects of combined alpha- and beta-blockade 
on the heart rate and blood pressure response to 
smoking in 10 healthy men. In the absence of 
adrenergic double blockade, smoking induced a sig- 
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Fig. 5. Mean coronary sinus blood flow in patients with 
atherosclerotic coronary artery disease before and during 
smoking, after treatment with a placebo, alpha-blockade 
with intravenous phentolamine, or beta-blockade with 
intravenous propranolol. (Modified from Winniford MD, 
Wheelan KR, Kremers MS, et al. Smoking-induced coro- 
nary vasoconstriction in patients with atherosclerotic cor- 
onary artery disease: evidence for adrenergically mediated 
alterations in coronary artery tone. Circulation 1986; 


_ 78:662-7.) 


nificant increase in heart rate and arterial blood 
pressure (p < 0.01). However, no significant changes 
in these variables were seen after short-term adren- 
ergic double blockade (Fig. 4). This finding suggests 
that short-term inhibition of arteriolar alpha-recep- 
tors can completely eliminate the increase in blood 
pressure response to smoking. 

Winniford et al.” recently studied the short-term 
effects of either alpha-inhibition with phentolamine 
or nonselective beta-blockade with propranolol on 
smoking-induced vasoconstriction in patients with 
atherosclerotic coronary artery disease, the results 
of which are shown in Fig. 5. After alpha-inhibition, 
coronary sinus blood flow rose significantly during 
smoking (p <0.05), and yet after beta-blockade, 
coronary sinus blood flow fell during smoking 
(p < 0.05). 


DISCUSSION 


_ The regulation of smooth muscle tone in the walls 
of the arterioles is mediated in part by arteriolar œ,- 
and £,-adrenergic receptors. Stimulation of the a- 
adrenergic receptors by circulating plasma catechol- 
amines induces vasoconstriction, whereas stimula- 
tion of 8,.-adrenergic receptors induces vasodilation. 
The absence of vasoconstriction or vasodilation 
after short-term smoking suggests that any increase 
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in plasma catecholamine levels induced by smoking 
stimulates both a- and ,-adrenergic receptors 
equally, resulting in no change in peripheral resis- 
tance. 

However, with healthy patients receiving acute 
beta-blocker treatment, smoking produces increases 
in forearm vascular resistance, presumably as a 
result of unopposed a,-stimulated vasoconstriction 
of peripheral blood vessels, by increased circulating 
catecholamines.’ After short-term treatment, more 
vascular resistance is seen as a result of smoking 
with the nonselective beta-blocker propranolol com- 
pared with atenolol. This difference is probably 
caused by greater blockade of “vasodilator” @,- 
receptors in the vascular smooth muscle cells by 
propranolol. 

However, the argument favoring the use of 8- 
selective blockers for hypertensive patients who 
smoke is compromised by our finding that after 3 
months of beta-blocker treatment, smoking pro- 
duced a marked and equal increase in blood pressure 
for atenolol- and propranolol-treated groups. The 
mechanism producing this effect is unknown. Fur- 
thermore, our results suggest that after long-term 
treatment, the beneficial blood pressure—lowering 
effect of beta-blockers may be attenuated in hyper- 
tensive patients who smoke. These findings are 
consistent with those obtained in the Medical 
Research Council trial, in which smokers receiving 
beta-blockade had higher blood pressure than those 
receiving other therapy. The decrease in coronary 
sinus blood flow found in patients with atheroscle- 
rotic coronary artery. disease may have some link 
with the higher incidence of stroke found among 
beta-blocker-treated smokers in the Medical 
Research Council trial. 


ALPHA-INHIBITORS AND SMOKERS 


By producing peripheral vasodilation, alpha-inhi- 
bition could be beneficial in counteracting the pres- 
sor effects of smoking and increasing blood flow. 
Trials with alpha-inhibition have indicated that this 
type of drug can eliminate the increase in blood 
pressure in response to smoking‘ and increase blood 
flow through diseased arteries.” However, longer- 
term studies with much larger groups are needed 
before we will know conclusively the best cardiovas- 
cular therapy for the patient who smokes. 
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GROUP DISCUSSION 


R. Kolloch (Medical University, Poliklinik, Bonn, West 
Germany). Is there any evidence for changes in receptor 
density or receptor sensitivity during smoking? 

J. Trap-Jensen. As far as I know, there is no available 
information concerning receptor. density, relative num- 
bers, affinity, or sensitivity changes during smoking. 

R. Kolloch. How does stress, for example, exercise or 
mental stress, affect the response? 

J. Trap-Jensen. During physical exercise, beta-block- 
ade decreases heart rate and cardiac output. Thus, periph- 
eral resistance during exercise is increased after beta- 
blockade. What happens during alpha-blockade and exer- 
cise is not so clear. 

R. Kolloch. We know that catecholamine release is 
altered during smoking. There is some preliminary evi- 
dence that smokers show an exaggerated response to 
physical exercise. These effects are relevant to treatment. 
How does smoking affect the response to exercise? 

J. Trap-Jensen. For work loads resulting in a heart rate 
above approximately 120 bpm, I do not believe that 
smoking-induced catecholamine release is of much rele- 
vance. 

D. Robertson. There are data that in patients with 
angina on a treadmill, the thresholds for pain and electro- 
cardiographic changes may be reduced after short-term 
smoking. 

G. Parati (Centro Fisiol. Clin. e Tpértensione; University 
of Milan, Italy). Does the effect of smoking on blood 
pressure depend on nicotine or are other chemicals 
involved? Can you reproduce the same effects by taking 
nicotine as a chewing gum? 

J. Trap-Jensen. I could not say whether the blood 
pressure effect of smoking was purely the effect of nico- 
tine. Furthermore, I have used only cigarettes and not the 
chewing gum now available, which has a rather high 
content of nicotine. 
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F. R. Buhler. I agree with Dr. Trap-Jensen’s idea that 
nicotine causes minipumping of the adrenal glands: we 
have observed hyperadrenalemia. You also suggest unop- 
posed alpha-vasoconstriction after nonselective beta- 
blockade. a,-Receptors are highly sensitive to epinephrine 
and may come into the concert of epinephrine-mediated 
postjunctional a,-vasoconstriction. Such vasoconstriction 
could be enhanced by smoking, as well as by beta- 
blockade. Thus a,-stimulation may sensitize o,-vasocon- 
striction. 

C. T. Dollery. I am intrigued by the study you did with 
atenolol and propranolol. From a purely pharmacologic 
viewpoint, one might expect that in the chronic phase of that 
study, the rise in blood pressure with smoking would have 
been less with atenolol than with propranolol. With 
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atenolol, 8.-receptors in the periphery would presumably 
have been less blocked. Yet the rise in blood pressure with 
smoking was virtually identical to that with atenolol and 
propranolol. Such a finding may be important in explaining 
differences between the Heart Attack Primary Prevention 
in Hypertensives and Medical Research Council trials. 

J. Trap-Jensen. In short-term studies we found that 
short-term intravenous injection of atenolol attenuated 
the rise in blood pressure during smoking. In another 
short-term study, which used middle-aged hypertensive 
patients, we found exactly the same thing. However, we 
are just as intrigued as you by our findings in the 
long-term study. The long-term study, which only had 12 
subjects, produced a very limited amount of evidence. 
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Cigarette smoking and hemostatic function 


Epidemiologic studies clearly link cigarette smoking with vasoocclusive cardiovascular disease. 
Postmortem studies provide evidence of accelerated atherogenesis in asymptomatic smokers. 
However, the rapid regression of cardiovascular risk within the first year of quitting smoking is 
difficult to explain solely in terms of vascular disease. Recent evidence indicates that plasma 
fibrinogen, which has been prospectively associated with the risk of ischemic heart disease, is 
elevated in smokers. Similarly, results from studies investigating thromboxane metabolite 
excretion in urine confirm those involving radiolabeled platelet turnover, suggesting that platelets 
are activated in the circulation of chronic smokers. Altered hemostatic function, either as a direct 
result of smoking or caused by smoking-induced vascular damage, may account for the more 
rapidly reversible component of cardiovascular risk observed in chronic smokers. (Am Heart J 


1988; 115:267.) 


Garret A. FitzGerald, M.D., John A. Oates, M.D., and Jacek Nowak, M.D., Ph.D. 


Nashville, Tenn. 


Cigarette smoking represents a significant risk fac- 
tor for cardiovascular disease, in particular, myocar- 
dial infarction and sudden death.' It has been 
estimated that smoking accounts for 30% to 40% of 
the 565,000 deaths from coronary heart disease in 
the United States alone.? Despite the abundance of 
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epidemiologic evidence linking smoking with cardio- 
vascular disease, precise mechanisms are unclear 
regarding how smoking transduces this risk. One 
hypothesis has been that smoking influences the 
hemostatic system directly or indirectly via endo- 
thelial damage, predisposing smokers to vascular 
occlusive events such as thrombotic stroke and 
myocardial infarction. 

Angiographic and angioscopic evidence support a 
central role for thrombosis in myocardial infarc- 
tion,** as do postmortem studies.®® Platelet-depen- 
dent vascular occlusion is of key importance in the 
syndrome of unstable angina. Platelet inhibition 
with aspirin has been found to reduce the incidence 
of myocardial infarction and death in patients with 
unstable angina.”® However, studies measuring 
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metabolites of thromboxane B, (the hydration prod- 
uct of thromboxane A,) suggest that chronic stable 
angina is unassociated with platelet activation? 
Interestingly, recent epidemiologic evidence indi- 
cates that while the incidence of myocardial infarc- 
tion, unstable angina, and sudden death is higher in 
smokers, the frequency of chronic stable angina is 
not increased. 


ACTIVATION OF THE COAGULATION SYSTEM IN 
CIGARETTE SMOKERS 


The constituents of cigarette smoking that might 
influence hemostasis remain to be identified. How- 
ever, nicotine has been reported to influence dose 
dependently both thrombin time and the platelet 
response to a variety of aggregating agonists in 


vitro.” Evidence of derangement in the coagulation - 


system of smokers has been provided recently: high- 
er levels of fibrinogen were found in the plasma of 
cigarette smokers compared with those of nonsmok- 
ers. These differences in fibrinogen levels were more 
pronounced in the presence of overt ischemic heart 
disease.’?* Prospective studies have shown a direct 
association between plasma fibrinogen concentra- 
tion and the incidence of ischemic heart disease. 
Plasma fibrinogen has been reported to correlate 
with an index of job stress. The latter, together 
with cigarette smoking, is associated with sympatho- 
adrenal activation. In these prospective studies, the 


association between plasma fibrinogen concentra- 
tion and subsequent ischemic heart disease was ` 


more pronounced than for serum cholesterol. 
These results have led to speculation that the effects 
of smoking on plasma fibrinogen account to a large 
extent for the association between smoking and 
ischemic heart disease. 


PLATELET ACTIVATION IN SMOKERS: METHODOLOGY 
CONSTRAINTS 


Platelet aggregation. The most common approach 
to studying the effect of cigarette smoking on plate- 
let function has been to measure the platelet aggre- 
gation response to agonists in smokers ex vivo. 
Although such testing is a sensitive index of certain 
forms of platelet inhibition, for example, the effects 
of a cyclooxygenase inhibitor such as aspirin, it has 
relatively poor sensitivity regarding detection of 
increases in platelet responsiveness. Poor sensitivity 
may partially explain conflicting reports of 
increased, decreased, and unaltered platelet aggre- 
gation responses to agonists’ ex vivo in cigarette 
smokers. Furthermore, the conditions of the study 
may markedly affect results obtained. For example, 
a direct effect of cigarette smoking may be more 
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evident when tests are performed during acute 
smoking after a period of abstinence than in cross- 
sectional studies with chronic smokers and non- 
smoking control subjects. Finally, interpretation of 
aggregation studies may be complex. For example, 
the largest study of platelet aggregation performed 
with chronic smokers found less aggregation in 
response to adenosine diphosphate ex vivo in male 
smokers than in their nonsmoking peers.” Although 
this result suggests that smoking inhibited platelet 
aggregation in vivo, the result is equally compatible 
with in vivo platelet activation among smokers. In 
chronic smokers, increased generation of platelet 
agonists in vivo might result in platelet receptor 
downregulation and a depressed aggregation re- 
sponse to these agonists ex vivo. Similarly, if a 
subpopulation of platelets was activated by smoking 
in vivo, a less responsive subpopulation of platelets 
might be selected for studies after blood withdrawal 
and selective centrifugation ex vivo. In summary, ex 
vivo platelet aggregation studies are inherently lim- 
ited in the information they can provide concerning 
the effects of smoking on platelet aggregation in 
vivo. 

Platelet turnover studies. An alternative approach 
to the study of platelet function in vivo has been 
that of radiolabeled platelet turnover studies. Mus- 
tard® first reported a shorter platelet lifespan in 
chronic smokers, an observation confirmed by oth- 
ers.” While platelet turnover studies provide defini- 
tive evidence for.an abnormality of platelet function 
in chronic smokers, they do not discriminate 
between a direct effect of smoking on platelets and 


. altered platelet function caused by smoking-induced 


vascular damage. Furthermore, accelerated platelet 
turnover is not synonymous with thrombosis. For 
example, studies in animal models have demon- 
strated that thrombosis may be induced without an 
alteration in platelet turnover. Conversely, platelet 
half-life is shortened after repeated catheter- 
induced vascular injury in rabbits despite the 
absence of thrombosis.” The shortened platelet 
half-life is thought to reflect modification of platelet 
membranes after their interaction with the damaged 
vasculature, rendering the platelets susceptible to 
accelerated clearance from the circulation. A similar 
mechanism may account for accelerated platelet 
turnover observed in cigarette smokers. Smoking- 
induced endothelial damage has been demonstrated 
extensively in vitro,” including reports of a 


- depressed capacity to form the platelet inhibitory 


eicosanoid, prostacyclin,”:* although the latter 
finding has been disputed.” *4 It is possible that 
after reversible contact interactions with damaged 
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Fig. 1. The central role of the hemostatic system in cigarette smoking-induced cardiovascular disease. 


endothelium, modification of smokers’ platelets 
results in their accelerated clearance from the circu- 
lation. Although studies of platelet turnover provide 
the opportunity to study platelet kinetics in vivo, 
these studies have several intrinsic limitations; they 
provide conclusions that are highly model depen- 
dent and do not lend themselves to repeated appli- 


`- cation within persons. 


Other studies of platelet function in vivo. Because of 
the trial design constraints intrinsic to studies of 
radiolabeled platelet turnover, attention has focused 
on alternative approaches to study platelet function. 
Elevated levels of the platelet granule constituent, 
8-thromboglobulin, as well as increased circulating 
platelet aggregates, have been reported in the blood 
of chronic cigarette smokers.” A potential limitation 
of these approaches has been susceptibility of plate- 
lets toward activation ex vivo: aggregate formation 
and the release reaction can occur in the sampling 
catheter or syringe, producing results that may not 
reflect true in vivo effects of smoking. 


PLATELET ACTIVATION OF SMOKERS: MEASUREMENT 
OF URINARY THROMBOXANE METABOLITES 


Given the limitations of assessing smoking- 
induced platelet. activation ex vivo, we chose to 
study urinary products of platelet metabolism as a 
measure of platelet activation in vivo. Thromboxane 
A,, the principal cyclooxygenase product of arachi- 
donic acid in platelets, is a potent vasoconstrictor 
and platelet agonist with a half-life of approximately 
30 seconds at physiologic pH. It undergoes initial 
nonenzymatic hydration to a more stable but bio- 
logically inactive product, thromboxane B,. The 
metabolic fate of thromboxane B, in humans has 
been characterized,” and quantitative assays have 
been developed for the major products of its two 


principal metabolite pathways.” These compounds, 
11-dehydro-thromboxane B, and 2,3-dinor-throm- 
boxane B, (Tx-M), are excreted in urine. Studies 
with aspirin suggest that the platelet is the predom- 
inant cellular source of these metabolites in urine 
under physiologic conditions. 

We initially studied excretion of Tx-M in chronic 
smokers who were devoid of clinically apparent 
vascular disease. As reported by others,” we found 
that urinary excretion of Tx-M was elevated in these 
smokers compared with age- and sex-matched non- 
smokers. Furthermore, during a 3-week period of 
cigarette withdrawal, urinary excretion of Tx-M fell 
in smokers, but not to those levels obtained in 
nonsmokers.” In a subsequent study with low-dose 
aspirin, we addressed the cellular origin of this 
increment in thromboxane biosynthesis.” Long- 
term administration of 20 mg of aspirin twice per 
day abolished the differential excretion of Tx-M 
between smokers and nonsmokers. Excretion levels 
of Tx-M recovered from the effects of aspirin within 
a time course corresponding to platelet turnover to 
reestablish the -increment between smokers and 
nonsmokers. 

In addition to the studies previously described, we 
examined excretion of 2, 3-dinor-6-keto-prostaglan- 
din,,, a major urinary metabolite of prostacyclin, in 
chronic smokers. Previous studies suggested that 
cigarette smoke,” and nicotine specifically,” 
depressed vascular capacity to generate prostacy- 
clin. We did not find evidence that biosynthesis of 
prostacyclin was depressed in chronic smokers.” 30 
Our results may reflect two effects of cigarette 
smoking on prostacyclin generation in vivo. The 
capacity of tissues to form eicosanoids greatly 
exceeds their actual biosynthetic rates in vivo.” 
Thus, a depressed vascular capacity to generate 
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prostacyclin might not result in depression of actual 
prostacyclin biosynthesis in vivo, particularly in the 
presence of stimuli to its production in vivo. Many 
factors associated with activation of the hemostatic 
system, for example, trauma, thrombin, 8-thrombo- 
globulin, platelet-derived growth factors, and ade- 
nine nucleotides, have been found to be potent 
stimuli for prostacyclin release by endothelial cells. 
We have found that prostacyclin biosynthesis is 
increased in vitro, coincident with evidence of plate- 
let activation, in a variety of human diseases— 
severe peripheral vascular disease, unstable angina, 
and systemic sclerosis with Raynaud’s phenome- 
non.® #82 Thus, prostacyclin biosynthesis may be 
unaltered as a result of opposing effects: on the one 
hand, smoking reduces synthetic capacity, and on 
the other hand, stimulation of residual vascular 
capacity increases generation of this eicosanoid via 
platelet activation. 

Finally, our results do not indicate whether 
abnormal thromboxane biosynthesis in platelets 
results from a direct effect of smoking or as a 
secondary event, for example, following smoking- 
induced vascular damage. 


CONCLUSIONS 


Cigarette smoke has been shown to cause endo- 
thelial damage. Postmortem studies demonstrate 
accelerated atherogenesis in the coronary arteries of 
young smokers. However, it is difficult to explain the 
substantial decline in risk of cardiovascular events 

‘with 1 year of quitting smoking solely in terms of 
regression of atherosclerosis. Evidence obtained by a 
variety of approaches indicates that platelet func- 
tion is altered in chronic smokers in vivo. Alterations 
in the clotting cascade are reflected by changes in 
levels of plasma fibrinogen. These changes poten- 
tially identify a more rapidly reversible component 
of smoking-induced cardiovascular risk. Multiple 
mediators regulating vascular tone and hemostatic 
function are generated by platelets, leukocytes, and 
endothelial cells. It is likely that cigarette smoking 
modulates the formation of these compounds both 
directly and via sympathoadrenal activation. Fig. 1 
summarizes the factors that might represent a 
mechanistic link between cigarette smoking and 
the exaggerated risk of vasoocclusive cardiovascular 
disease. 
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GROUP DISCUSSION 


C. T. Dollery. In our group, Drs. Sleightholm and 
Barrow have measured the dinor thromboxane B, metab- 
olite in urine using a method essentially the same as that 
of Dr. FitzGerald. We have studied two groups of people: a 
group of nonsmokers, both when not smoking and in an 
acute smoking situation, and a group of heavy smokers. 
Smoking produced no increase in urinary dinor thrombo- 


xane B, in either group: on the face of it, it is a rather 


worrisome disagreement. 
A possible explanation might be that the persons whom 
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Dr. FitzGerald studied had established vascular disease: 
the platelets may have been slightly activated, and only 
when they hit an abnormal lining to the blood vessels was 
there sufficient activation to release thromboxane. 

G. A. FitzGerald. Several studies have used a similar 
methodology to approach this question.” ® In our investi- 
gations™® and those of Fischer et al., some smokers had 
urinary metabolite levels of dinor thromboxane B, that 
overlapped with those levels obtained in nonsmokers; 
however, statistical analysis of the data showed a clear 
difference. Such findings have also been the case- in 
studies of radiolabeled platelet turnover in smokers and 
nonsmokers.” The patients we studied were on average 
a decade or so older than yours, were sedentary, and had a 
well-established history of chronic smoking. Thus, they 
may have had a greater burden of vascular disease as you 
propose, although this was not clinically overt. 

F. R. Bühler. Vasopressin may be involved with the 
aggregation studies to which Dr. FitzGerald refers. Wae- 
ber et al.” found that vasopressin reduced skin blood flow. 
Patients whose vasopressin levels were affected by smok- ' 
ing showed changes in regulation of platelet vasopressin 
receptor sites and platelet aggregatory response.™ 

G. Mancia. During the past few years, we have heard 
about the importance of endothelial cells in modulating 
platelet activation and thrombin cascade. Is there any 
evidence that the endothelial damage induced by smoking 
or nicotine is accompanied by impairment in this or other 
endothelial cell function? . ; 

G. A. FitzGerald. There is some direct evidence 
obtained in vivo suggesting that endothelial-relaxing fac- 
tors play an important role in the regulation of coronary 
blood fiow. Our finding of altered prostacyclin biosynthe- 
sis in chronic smokers” would be consistent with damaged 
endothelial function in such persons. A condensate of 
cigarette smoke has been shown to modulate markers of 
endothelial cell function in vitro,” whereas the reported 
effects of nicotine are contradictory. To the best of my 
knowledge, the effects of cigarette smoke and its constitu- 
ents endothelial-relaxing factor activity has not been 
explored. i 





Lipid effects of smoking 


Cigarette smoking is believed to cause harmful cardiovascular and atherogenic effects resulting 
from changes in lipid metabolism. Intraverious nicotine and smoking raise plasma free fatty acid 
(FFA) levels through enhanced lipolysis resulting from sympathoadrenal stimulation. The study 
reported here investigated FFA-stimulated myocardial oxygen consumption (Mvo,) in intact dogs. 
it was found that about half of thé nicotine-induced rise in Mvo, resulted from metabolic 
stimulation by high concentrations of FFA, and the remainder was a result of enhariced 
mechanical activity of the heart directly produced by nicotine. In intact dogs, the increase in 
myocardial oxygen requirement resulting from excess myocardial FFA uptake also increased the 
severity of myocardial ischemic injury after acute coronary occlusion. Human studies with men 
who had smoked for more than 10 years showed that smokers had lower plasma high-density 
lipoprotein cholesterol fractions 2 and 3. High-density lipoprotein fraction 2 is reported to be 
antiatherogenic. Thus smoking appears to have at least two lipid effects that may promote 
coronary heart disease and atherosclerosis: increased plasma FFA and decreased plasma 
high-density lipoprotein cholesterol fraction 2. (Am Heart J 1988;115:272.) 


Ole D. Mjø, M.D. Troms¢, Norway 


Mortality from coronary heart disease (CHD) is 
substantially higher in cigarette smokers than in 
nonsmokers. According to the combined studies of 
Albany and Framingham, the incidence of myocar- 
dial infarction in heavy smokers is three times that 
in nonsmokers.’ It is generally believed that harmful 
cardiovascular effects of smoking are partly caused 
by changes in lipid metabolism. 


ACUTE LIPID EFFECTS 


Kershbaum et al.“ have shown that nicotine 
intravenously (or as a result. of cigarette smoking) 
raises plasma concentration of free fatty acids (FFA) 
through enhanced lipolysis-FFA mobilization from 
adipose tissue as a consequence of sympathoadrenal 
stimulation. We have shown that an increase in the 
delivery of FFA to the heart increases myocardial 
oxygen consumption (Mvo,) through a metabolic 
stimulation independent of changes in mechanical 
activity of the heart. The study reported here 
examined whether changes in Mvo, mediated by 
nicotine are related to an increase in myocardial 
uptake of FFA.’ The investigation used 6-pyridyl 
carbinol (a nicotinic acid derivative), which inhibits 
nicotine-induced lipolysis without altering the 
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effects of nicotine on mechanical activity of the 
heart. The study was conducted in intact dogs. 

Table I shows hemodynamic responses to intrave- 
nous nicotine, namely, aortic blood pressure, left 
ventricular pressure, maximal rate of rise of left 
ventricular pressure, heart rate, arid cardiac output. 
These responses were similar both before and during 
inhibition of lipolysis by -pyridyl carbinol. 

Table II shows that the nicotine-induced rise in 
arterial concentration and myocardial uptake of 
FFA were inhibited by 6-pyridy] carbinol, and that 
the rise in Mvo, caused by nicotine was significantly 
reduced during inhibited lipolysis. It was concluded 
that about 50% of the nicotine-induced rise in Mvo, 
was related to enhanced mechanical activity.of the 
heart; the remainder was attributable to a metabolic 
stimulation of high concentrations of FFA.’ 

Various agents that augment Mvo, have been 
found to increase infarct size both in animals and 
humans. Since intravenous nicotine increases Mvo,, 
it was of interest to determine whether nicotine 
would also increase the severity of myocardial is- 
chemic injury after acute coronary occlusion. Anes- 
thetized, thoracotomized dogs were used in this 
investigation.® The myocardial ischemic area was 
determined by the sum of ST segment elevations in 
epicardial ECG registrations from 5 to 12 sites at the 
end of a 10-minute occlusion. During coronary 
occlusion alone, ZST averaged 22.7+ 4.6 mV 
(mean + SEM). After reocclusion of the coronary 
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Table 1. Hemodynamic effects of nicotine infusion (15 ug/min/kg) before and during inhibition of lipolysis with 
6-pyridy] carbinol in intact dogs (mean + SEM of seven dogs) 











AP LVSP LVEDP dp/dt HR co 
(mm Hg) (mm Hg) (mm Hg) (mm Hg/msec) (bpm) (ml/min/kg) 

Control 133 +4 143 + 4 4.7 + 0.7 2.6 + 0.3 175 +8 158 + 16 
Nicotine 14345 155 +5 6.4 + 1.0 3.2 + 0.4 179 +9 215- + 24° 
p <0.001 <0.001 <0.025 <0.005 NS <0.05 
Inhibition of lipolysis : 

Control 129 + 4 140 +4 47 +0.86 2.6 + 04 17948 161 + 17 

Nicotine 141+ 6 155 +7 8.7 + 0.9 3.1 + 0.4 179 +9 203 + 18 

p <0.005 <0.005 <0.02 <0.005 NS <0.05 











AP = mean aortic blood pressure; LVSP = left ventricular systolic pressure; LVEDP = left ventricular end-diastolic pressure; dp/dt = maximal rate of rise 
of left ventricular pressure; HR = heart rate; CO = cardiac output; NS = not significant (p > 0.05). 
Modified from Mjds OD, Ilebekk A. Effects of nicotine on myocardial metabolism and performance in dogs. Scand J Clin Lab Invest 1973;32:75. 


Table Il. Metabolic effects of nicotine infusion (15 ug/min/kg) before and during inhibition of lipolysis with 6-pyridyl 
carbinol in intact dogs (mean + SEM of seven dogs) 











FFA 
A A-CS U Mvo: MF 
(mol/L) (umol/L) (umol/min/100 gm) (ml/min/100 gm) (ml/min/100 gm) 
Control 562 + 79 ‘153 + 29 11.2 + 2.0 13.3 + 1.7 124417 
Nicotine 738 + 91 232 + 31 21.3 + 4.6 17.4 + 2.2 146 + 19 
Pp <0.001 <0.05 <0.02 <0.005 <0.01 
Inhibition of lipolysis 
Control 253 + 29 73 + 10 5.5 + 1.1 12.5 + 19 134 + 20 
Nicotine 215 + 15 564+ 5 5.2 + 0.9 14.6 + 2.0 151 + 21 
p NS NS NS <0.025 <0.01 











A = arterial concentrations; A-CS = arteriocoronary sinus differences; U = myocardial uptake of free fatty acids (FFA); Mvo, = myocardial oxygen 
consumption; MF = myocardial blood flow; NS = not significant {p > 0.05). 


Modified from Mjés OD, Ilebekk A. Effects of nicotine on myocardial metabolism and performance in dogs. Scand J Clin Lab Invest 1973;32:75. 


artery during continuous intravenous infusion of 
nicotine, DST rose by 6.4 + 1.8 mV (p < 0.01), and 
arterial concentration of FFA rose from 251 + 
31 wEq/L to 323 + 50 wEq/L (p < 0.05). When lipol- 
ysis was inhibited with 6-pyridyl carbinol, intrave- 
nous nicotine failed to raise ZST at coronary occlu- 
sion, and arterial concentration of FFA did not rise. 
It was concluded that the increased severity of the 
ischemic injury induced by nicotine was probably 
related to an increase in myocardial oxygen require- 
ments as a result of excess myocardial uptake of 
FFA? i 

` In the present study, the rise in plasma FFA 
found during nicotine infusion is equivalent to that 
effected by a man inhaling smoke from two ciga- 
rettes over a 10-minute period.2 Therefore the 
present results may be relevant in elucidating a 
relationship between heavy cigarette smoking and 
CHD. The higher incidence of myocardial infarction 


and ventricular arrhythmias in heavy smokers may 
be linked to elevated myocardial FFA concentra- 
tions. 


CHRONIC LIPID EFFECTS 


The atherogenic process is influenced by the 
levels of different plasma lipoproteins, and epidemi- 
ologic studies have shown a positive relationship 
between increased levels of total serum cholesterol 
and CHD. Cholesterol occurs in serum as a compo- 
nent of lipoproteins; approximately 13% is found in 
very low-density lipoprotein, 70% in low-density 
lipoprotein, and 17% in high-density lipoprotein 
(HDL): this distribution varies individually. There 
is evidence that CHD is more strongly related to the 
distribution of serum cholesterol among the differ- 
ent lipoprotein classes than to total serum cholester- 
ol concentration. An increase in serum low-density 
lipoprotein cholesterol is associated with increased 
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Table Ill. Mean plasma lipid fraction levels (mmol/L) in 45 
men, ages 40 to 49 years, according to smoking habits 





Heavy 
smokers* Nonsmokers 
(n= 14) (n = 23) 
Mean SD Mean SD 

Triglycerides 2.46 1.32 2.08 0.91 (NS) 
Total cholesterol 6.25 1.29 5.86 1.19 (NS) 
HDL cholesterol 1.24 0.46 1.55 0.32+ 
HDL, cholesterol 0.30 0.16 0.48 O.17F 
HDL, cholesterol 0.98 0.32 1.12 0.19} 





HDL = high-density lipoprotein; NS = not significant {p > 0.05). 

*Heavy smokers were defined as those smoking more than 15 cigarettes a 
day for at least 10 years. 

tp < 0.05. 

Modified from Nesje LA, Mj¢és OD. Plasma HDL cholesterol and the sub- 
classes HDL, and HDL, in smokers and nonsmokers. Artery 1985;13:7. 


Table IV. Mean plasma lipid fraction levels (mmol/L) in 
the selected heavy smokers and nonsmokers 

















Heavy ‘ 

smokers Nonsmokers 

(n= 5) (n = 13) 

Mean SD Mean’ SD 

Triglycerides 2.54 1.54 2.03 1.08 CNS) 
Total cholesterol 5.94 1.08 5.42 1.01 CNS) 
HDL cholesterol 0.98 0.38 1.60 0.32} 
HDL, cholesterol 0.22 0.07 0.45 0.16ł 
HDL, cholesterol 0.76 0.33 1.15 0.28F 





HDL = high-density lipoprotein; NS = not significant (p > 0.05). 

tp < 0.05. 

tp < 0.001. 

Modified from Nesje LA, Mjés OD. Plasma HDL cholesterol and the sub- 
classes HDL, and HDL, in smokers and nonsmokers. Artery 1985;13:7. 


risk of atherosclerosis, whereas increased HDL cho- 
lesterol levels in serum are associated with 
decreased risk of atherosclerosis. Low levels of HDL 
cholesterol are indicative of reduced efflux of choles- 
terol from the arterial wall, thus favoring atheroscle- 
rosis.!0U 

Recent studies have shown that plasma HDL 
cholesterol levels tend to be lower in smokers than in 
nonsmokers." The greater risk to smokers of CHD 
development may result from the HDL- lowering 
effect of cigarette smoking. . 

The HDL class can be divided into subclasses 
HDL, and HDL. Current evidence indicates that 
the antiatherogenic effect of HDL is related to the 
HDL, subclass.’ The study reported here was 
undertaken to compare plasma total cholesterol, 
HDL cholesterol, HDL, cholesterol, HDL, cholester- 
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ol, and triglycerides in a group of smokers and non- 
smokers in northern Norway.'® 

Table III shows plasma lipid levels in 45 men, ages 
40 to 49 years, according to smoking habits. For 14 
men who had smoked more than 15 cigarettes a day 
for at least 10 years (heavy smokers), HDL choles- 
terol, HDL, cholesterol, and HDL, cholesterol: were 
significantly lower than iri the 23 nonsmokers. No 
significant differences in triglycerides and total cho- 
lesterol were found between heavy smokers and 
nonsmokers. 

Table IV shows plasma lipid fraction levels for a 
selected group from which those with high alcohol 
intake or physical activity were excluded. For this 
group, all differences in plasma HDL levels were 
more pronounced between heavy smokers and non- 
smokers, particularly for plasma HDL, cholesterol 
levels. 

Thus smoking has at least two lipid effects that 
might promote CHD and atherosclerosis. First, nic- 
otine in the cigarette smoke causes an increase in 
myocardial oxygen requirements by increasing the 
use of FFA by the heart. Second, smoking, by an 
unknown mechanism,: lowers the antiatherogenic 
factor HDL. i 
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GROUP DISCUSSION 


N. M. Kaplan. In your human studies, did you control 
for factors such as alcohol, exercise, and diet? Such factors 
might influence lipid changes. Regarding lipid changes, 
are there any other epidemiologic data comparing smokers 
with nonsmokers, such as that from the Multiple Risk 
Factor Intervention Trial, or other studies using large 
groups of persons? 

O. D. Mjøs. As far as possible, we have corrected for the 
factors you mentioned, including alcohol. That is not easy, 
and diet was probably the factor least well controlled. 
However, dietary influences on high-density lipoprotein 
(HDL) levels are probably minor. 

There are several large scale studies on HDL, but no 
large scale studies regarding fractionation of HDL into the 
supposedly antiatherogenic HDL, fraction. Studies by 
Miller et al. in London have shown that the severity of 
atheromatous changes in the coronary artery is inversely 
related to levels of HDL». Interestingly, smoking produced 
marked reductions in plasma HDL, levels even in our 
small study. 

K. H. Günther (East Berlin, East Germany). Dr Mjøs, 
since you are from Troms¢, how may the effect of smoking 
on plasma lipids be influenced by coffee consumption? 

O. D. Mjø s. While reporting studies on coffee consump- 
tion and elevation of blood cholesterol, the Columbia 
Broadcasting System (CBS) featured a segment on coffee 
consumption in Tromsø. Increases in plasma low-density 
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lipoprotein cholesterol have been reported in subjects 
drinking six to nine cups of coffee a day over time. Our 
smoking studies did not investigate any effects of coffee 
consumption. 

A. Ferrari (Centro Fisiol. Clin. e Ipertensione, Universi- 
ty of Milan, Italy). Do you have any data concerning the 
mechanisms by which free fatty acids stimulate myocardi- 
al oxygen consumption? There may be many stimuli other 
than nicotine that affect this process, with clinically 
important outcomes. 

O. D. Mjøs. Nicotine increases myocardial oxygen con- 
sumption as a result of sympathoadrenal activation, as has 
been mentioned. The addition of intravenous norepine- 
phrine, epinephrine, or isoprenaline increases fatty acid- 
induced myocardial oxygen consumption. The mechanism 
for this increase has been debated for many years. The 
effect may result from uncoupling of oxidative phosphory- 
lation, stimulation of sodium/potassium adenosine tri- 
phosphatase activity, or by other mechanisms. It is a 
luxury and an oxygen wastage effect, and in situations of 
hypoxia or limited oxygen supply, we try to avoid it. 

The effect may shed some light on another factor: when 
people stop smoking, they often gain weight. We think 
that this nicotine stimulation of oxygen consumption in 
the myocardium is a general effect, which also affects 
basal metabolic rate, perhaps by 10% or so. Therefore 
people may be correct when they claim that after stopping 
smoking, their daily intake of calories remains the same, 
and yet they gain weight. I am sure that many people eat 
more. However, the metabolic effects we have discussed 
may be relevant in this context. 

S. Wong (Pfizer International, New York, U.S.). With 
the evidence that free fatty acids induce arrhythmia and 
nicotine increases delivery of free fatty acids to the heart, 
could that evidence account for the incidence of increased 
sudden cardiac death in smokers? 

O. D. Mjøs. Professor Michael Oliver in Edinburgh has 
suggested for many years that fatty acids induce arrhyth- 
mias; however, controversy remains. It is possible that 
your hypothesis may explain some of the increased inci- 
dences of sudden death and nonatherosclerotic arrhyth- 
mias among smokers. 


PART 3. SMOKING AND HYPERTENSION RISK: CLINICAL STUDIES 





The Medical Research Council Hypertension 


Trial: The smoking patient 


Tobacco smoking is a powerful risk predictor for coronary disease. In the recent Medical 
Research Council (MRC) Hypertension Trial, which this article discusses, it also proved to be an 
important predictor of stroke. The MRC trial had two active treatment groups, one of which 
received bendrofiuazide and the other propranolol. The main positive result of the trial was a 
45% reduction in stroke events in the actively treated groups. Propranolol appeared to be much 
less effective than bendrofiuazide in the prevention of stroke in smokers, although both active 
drugs were equally effective in nonsmokers. Possible explanations for this lack of efficacy in 
smokers are discussed. Coronary events were not reduced by treatment, although there was a 
trend toward thelr reduction in nonsmoking men treated with propranolol. The lack of effect of 
propranoiol in reducing coronary morbidity and mortality rates was a surprise in view of the 
positive results from trials with both short-term and long-term treatment with beta-adrenergic 
blockade after myocardial Infarction. (Am Heart J 1988;115:276.) 


Sir Colin Dollery, F.R.C.P., and P. J. Brennan, M.Sc., London, England 


Many prospective epidemiologic studies have identi- 
fied cigarette smoking, blood pressure, and serum 
cholesterol as important risk predictors for vascular 
disease, particularly coronary disease.’? The adverse 
effect of the different factors is additive, and per- 
sons who are in the upper part of the range for more 
than one factor are at particularly high risk. Howev- 
er, these major risk predictors appear to act inde- 
pendently, and before the Medical Research Council 
(MRC) Hypertension Trial,’ there was no reason to 
suppose that the outcome of antihypertensive thera- 
py with particular drugs might be influenced by the 
smoking status of the patient. 


PATIENTS AND METHODS 


Participants in the MRC Hypertension Trial were men 
and women ages 35 to 64 years with phase V diastolic 
blood pressures in the range of 90 to 109 mm Hg sustained 
through three examinations spread over several weeks. At 
the entry examination, a brief smoking history was record- 
ed. Patients were asked if they smoked cigarettes, and if 
so, how many per day. They were not asked if they had 
smoked in the past. Cigar and pipe smokers were included 
in the nonsmoking group. Questions about smoking habit 
were repeated at yearly intervals. 

On entry to the trial, patients were randomly allocated 


From the Department of Medicine, Royal Postgraduate Medical School, 
and MRC Epidemiology and Medical Care Unit, Northwick Park Hospi- 
tal. 


Reprint requests: Sir Colin Dollery, F.R.C.P., Department of Medicine, 


Royal Postgraduate Medical School, Hammersmith Hospital, Du Cane 
Road, London W12 OHS, England. 


276 


to one of the following three groups: (1) bendrofluazide, 10 
mg daily; (2) propranolol, 80 to 240 mg daily; or (3) 
placebo. The target was a diastolic blood pressure <90 mm 
Hg. Dose changes in propranolol or supplementary thera- 
py, usually with methyldopa (or both), were used to 
achieve this objective. A total of 17,854 patients was 
recruited, the great majority by screening in family prac- 
tice. More than 500,000 people were screened. The trial 
lasted for 5 years. 


RESULTS 


Characteristics at entry. Smokers were slightly 
younger and weighed less than did nonsmokers 
(Table I). The differences in weight were highly 
significant (p < 0.001) in all subgroups. Male smok- 
ers had significantly higher pulse rates (p < 0.001) 
than did male nonsmokers in all subgroups; the 
mean difference averaged about 3 bpm. Pulse rates 
were very similar in female smokers and nonsmok- 
ers. 

Progress during the trial. The proportion of 
patients requiring supplementary drugs was higher 
in smokers receiving propranolol than in nonsmok- 
ers taking this drug. The proportion of smokers and 
nonsmokers requiring supplementary drugs while 
taking bendrofiuazide was almost identical. The fall 
in systolic blood pressure during the first year of the 
trial was slightly less in smokers of both sexes taking 
propranolol than it was in nonsmokers (p < 0.01). In 
men (but not women) taking propranolol, the fall in 
diastolic pressure was also significantly less in smok- 
ers (p < 0.001; Table I1). The very small differences 
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Table |. Entry characteristics of smokers and nonsmokers and treatment allocated 























Smokers Nonsmokers 
Bendrofluazide Propranolol Placebo Bendrofluazide Propranolol Placebo 

Men 

n 706 691 1423 1517 1579 3091 

Mean age (yr) 50.2 50.0 49.8 50.7 50.7 51.0 

Mean HR (bpm) 82.0 81.7 81.7 79.2 79.4 79.2 

Mean weight (kg) 79.5 80.2 79.4 82.4 82.0 82.0 
Women 

n 555 537 1108 1499 1570 3002 

Mean age (yr) 52.3 52.7 52.3 52.8 52.7 52.8 

Mean HR (bpm) 82.9 83.1 83.4 83.4 83.3 83.3 

Mean weight (kg) 68.8 67.7 68.1 70.7 70.5 70.4 

HR = heart rate. 


Table II. Differences in blood pressure reduction between 
smokers and nonsmokers after 1 year in the trial by 
treatment regimen 








BP reduction mm Hg (systolic/diastolic) 





Table Ill. Cumulative number and rate per 1000 patient- 
years of patients overshooting the trial limits at 5 years 





Bendro- 
fluazide Propranolol Placebo 
No. Rate No. Rate No. Rate 





Bendrofluazide Propranolol Placebo 
Men +0.6/0.0 +2.8*/+1.8f  +1.8*/+0.4 
Women +0.9/+0.3 +2.6*/+0.7 +2.1*/+0.3 


Results are expressed as means adjusted for age, body weight, and pulse 
rate. 

BP = blood pressure. 

*p < 0.01, 

tp < 0.001. 


in the fall of pressure in smokers and nonsmokers 
taking bendrofluazide were not statistically signifi- 
cant. There was also significantly less fall in systolic 
blood pressure in smokers of both sexes receiving a 
placebo compared with nonsmokers receiving a pla- 
cebo (p < 0.01).4 

For patients taking a placebo, a higher proportion 
of smokers overshot the trial limits (diastolic blood 
pressure >109 mm Hg) than did nonsmokers. The 
effect was more pronounced for women (Table HI). 
Very few patients taking active drugs overshot the 
trial limits. However, more persons taking propran- 
olol exceeded the limit compared with those taking 


bendrofluazide: of these, a higher proportion were 


smokers than nonsmokers.® 

Withdrawals because of adverse drug reactions 
showed no consistent relationship with smoking 
status. Changes in serum biochemistry during the 5 
years of the trial showed no substantial differences 
between smokers and nonsmokers. Patients were 
more likely to lapse from follow-up during the 5-year 
period of the trial, irrespective of the treatment 
regimen, if they were a smoker (Table IV). 

Morbid events. In all groups, patients were more 


Male smokers 4 IT 12 5.3 189 40.5 
Male nonsmokers 4 0.7 21 3.7 483 38.1 
Female smokers 2 1.0 9 5.2 146 37.3 
Female nonsmokers 9 1.6 15 2.6 265 28.0 





likely to suffer a stroke or a coronary event or die of 
any cause if they smoked than if they did not smoke. 
The relative hazard rate for smoking by means of 
logistic regression analysis was 2.29 for stroke, 2.27 
for coronary events, and 1.99 for all causes of death. 
It is particularly interesting to note those persons 
who quit smoking during the trial (a total of 1650 
persons, 939 men and 711 women). With regard to 
the proportion of morbid events, those who quit 
smoking were closer to the nonsmokers than 
smokers. However, persons who stopped smok- 
ing only suffered a small number of morbid events, 
and thus it is difficult to draw any conclusions (Ta- 
ble V). 

Bendrofluazide reduced the stroke rate by 59% in 
nonsmokers and by 74.5% in smokers, with both 
changes highly significant (p < 0.01). Propranolol 
reduced the stroke rate in nonsmokers by 47%, but 
the reduction was only 5% in smokers. The lack of 
effect of propranolol on stroke was apparent in 
smokers of both sexes. Both active treatments failed 
to reduce coronary events in smoking men. 

An attempt was made to determine the dose- 
response relationship for the number of cigarettes 
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Table IV. Cumulative percentage of patients lapsed from 
follow-up at 5 years by smoking habit, sex, and regimen 











Bendroftuazide Propranolol Placebo 
S NS S NS S NS 
Men 20.6 15.8 21.7 15.1 227 154 


Women 21.3 15.7 22.6 16.3 20.9 16:6 





S = smoker; NS = nonsmoker. 


Table V. Number and rate per 1000 patient-years of 
morbid events by treatment regimen and smoking status: 
Intention to treat analysis 











Bendro- 
fluazide Propranolol Placebo 
No. Rate No. Rate No. Rate 
Stroke, both sexes 
Nonsmokers 11* 0.8 16 11 58 2.0 
Smokers 6* 15 20 5.4 44 5.7 
Quitters `O 0.0 6 2.8 4 1.0 
Coronary events, men i 
Nonsmokers 55 7.7 37 5.1 106 7.3 
Smokers 38 17.1 36 18.5 66 15.5 
Quitters 5 45 9 15 17 717 





*p < 0.01 vs placebo. 


smoked each day. There were too few events to make 
such analysis meaningful in any subgroup except for 
coronary events in men (Table VI). The analysis 
suggested that the major risk was for patients 
smoking 10 or more cigarettes daily. However, the 
number of persons was small (4% to 8% of the 
population), as were the number of events in the one 
to nine cigarettes daily group. 

Similarly, an investigation of the relationship 
between entry blood pressure, treatment regimen, 
and smoking habit was frustrated by the small 
number of events in each subgroup. Only for coro- 


nary events in men were there sufficient events to. 


analyze (Table VID). In all five blood pressure strata, 
the coronary event rate in nonsmoking men taking 
propranolol was equal to or less than its rate in the 
same blood pressure stratum in those receiving 
placebo or bendrofluazide. However, statistical 
examination of the treatment-smoking interaction 
showed only a weak relationship that did not 
achieve statistical significance (p = 0.11). Neverthe- 
less, because of the reduction in both stroke and 
myocardial infarction with propranolol, all cardio- 
vascular events were significantly reduced in non- 
smokers treated with this drug (p < 0.002). 

Death was defined as sudden if it occurred within 1 
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Table VI. Number and rate per 1000 patient-years of 
coronary events in men by number of cigarettes smoked 











Bendro- 
Cigarettes fluazide Propranolol Placebo 

smoked 

per day No. Rate No. Rate No. Rate 
0 61 7.6 46 5.6 123 7.5 
1-8 2 3.0 3 5.9 8 8.1 
10-19 10 10.3 10 11.3 32 16.6 
=20 26 16.1 26 16.9 37 12.5 





hour of the onset of symptoms. Admittedly, the pre- 
cise identification of the time of onset was not always 
easy, but the data are interesting (Table VIII). In 
both smokers and nonsmokers, the rate of sudden 
deaths in persons on bendrofluazide was above the 
placebo rate; that for propranolol was below the 
placebo rate. In men the difference between the two 
active regimens was significant (p < 0.01), but nei- 
ther was significantly different from placebo. There 
was no such trend for nonsudden deaths. 


DISCUSSION 


In the MRC Hypertension Trial, smoking proved 
to be a highly significant risk factor for coronary 
events, stroke, and all causes of mortality. The in- 
crease in morbidity and mortality rates was particu- 
larly striking for coronary events in women, in whom 
there was a threefold to fourfold higher rate in smok- 
ers taking placebo or active treatment than in non- 
smokers. Such a finding may partly reflect the very 
low rate of coronary events in female nonsmokers. 

Stroke events. The main positive result of the trial 
was the reduction in stroke events, but the data also 
contained one of the greatest surprises: the lack of effi- 
cacy of propranolol in the prevention of stroke in 


‘smokers of both sexes. Such a finding was not replicat- 


ed in the International Prospective Primary Preven- 
tion Study in Hypertension (IPPPSH) trial, which 
was based on oxprenolol, and not in the Heart Attack 
Primary Prevention in Hypertensives (HAPPHY) 
trial,’ which used both metoprolol and atenolol. 
However, the MRC result was clearcut with 
regard to this stroke prevention: much effort has 
been expended in seeking to explain it.’ Several 
pieces of evidence suggest that blood pressure con- 
trol was less satisfactory in smokers than it was in 


nonsmokers, especially in the propranolol and place- 


bo groups. More smokers than nonsmokers overshot 
the blood pressure limits of the trial, particularly 
among the women taking the placebo. Patients 
taking propranolol required a slightly higher propor- 
tion of supplementary drugs to attain the target 
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Table VI. Number and rate per 1000 patient-years of 
coronary events in men by entry systolic blood pressure, 
smoking habit, and treatment regimen 











Bendro- 
fluazide Propranolol Placebo 
BP a 
(mm Hg) No. Rate No. Rate No. Rate 
Smokers 
<150 12 8.8 10 12.0 15 6.3 
150-159 8 11.0 9 10.7 16 12.0 
160-169 9 13.5 6 9.8 19 14.2 
170-179 8 13.9 13 25.4 19 16.9 
=180 6 16.7 7 “13.6 14 12.6 
Nonsmokers 
<150 14 7.3 11 4.0 25 5.5 
150-159 10 6.2 il 6.2 25 7.0 
160-169 il 7.0 6 3.7 24 7.1 
170-179 9 8.7 9 6.7 19 8.6 


=180 12 10.9 2 2.3 23 11.1 





BP = blood pressure. 


pressure. The clinic blood pressures, particularly the 
systolic pressures, were higher in smokers than in 
nonsmokers receiving propranolol and the placebo: 
such was not the case for smokers receiving bendro- 
fluazide. More smokers than nonsmokers lapsed 
from follow-up. 

Three explanations for these findings have been 
suggested. The first depends on the pharmacokinet- 
ics of propranolol. This drug is extensively metabo- 
lized (50% to 95%) in the liver during absorption 
from the gut, a phenomenon known as presystemic 
metabolism, or first-pass clearance. This enzymatic 
process is inducible by constituents of tobacco 
smoke, and smokers have approximately half the 
concentration of propranolol in their systemic plas- 
ma for a given dose than do nonsmokers.’ A similar 
process occurs with oxprenolol, which was used in 
the IPPPSH trial, and with metoprolol, which was 
one of the.two §,-selective drugs used in the HAP- 
PHY trial.’ However, the process does not occur 
with the hydrophilic §,-selective adrenergic antago- 
nist, atenolol, which was the other beta-blocker used 
in the HAPPHY trial. 

‘The second explanation relies on the pharmaco- 
logic action of catecholamines released during ciga- 
rette smoking and their modifications by beta- 
blockade.” A nonselective beta-receptor antagonist, 
such as propranolol, blocks both the cardiac inotro- 
pic effects of beta-stimulation and the peripheral 
vasodilator effect. These effects leave the alpha- 
adrenergic vasoconstrictor effect unopposed. A §,- 
selective agent, such as metoprolol or atenolol, 
would have relatively little effect on peripheral 
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Table Vill. Sudden (within 1 hour of onset of symptoms) 
and nonsudden coronary deaths in men by smoking status 
and treatment regimen; number and rate per 1000 
patient-years 





Bendro- 


fluazide Propranolol Placebo 





No. Rate No. Rate No. Rate 





Smokers 
Sudden 14 41 5 16 18 2.8 
Not sudden 8 24 12 3.8 16 25 
Nonsmokers 
Sudden 15 2.0 7 0.9 23 1.5 
Not sudden 13 1.7 14 1.8 30 19 





vasodilator beta-receptors, which should minimize 
the rise in blood pressure during smoking. A recent 
study addressing this question gave unexpected 
results." After acute beta-blockade with proprano- 
lol, the rise in blood pressure during smoking was 
markedly greater than when subjects took a placebo. 
The rise in blood pressure during smoking while 
taking atenolol was similar to that with placebo. 
However, with patients receiving propranolol com- 
pared with patients taking atenolol, in whom these 
beta-adrenergic antagonists were administered 
chronically, the rises in blood pressure during smok- 
ing were almost identical. This result is supported 
by an earlier study,” but not by another in which 
both coffee and nicotine were administered.” Fur- 
ther evidence is needed on this important point. A 
comparison of blood pressure elevation (both extent 
and duration) with selective and nonselective beta- 
blockers and diuretics might be illuminating. 

Other factors, such as poor compliance with pre- 
scribed treatment, excessive alcohol intake, and lack 
of concern about health, may have influenced the 
results in the smokers. Smokers showed a somewhat 
higher drop-out rate than did nonsmokers. However, 
this finding would not explain the differential effect 
between the primary treatment regimens in the 
prevention of stroke. 

Coronary events. The lack of effect of antihyper- 
tensive treatment on coronary events was disap- 
pointing. Some benefit might have been anticipated 
from the evidence that both acute'*!® and long- 
term!**! beta-blockade is effective in secondary pre- 
vention of mortality from myocardial infarction. 
Patients without preexistent ischemic heart disease, 
who already receive treatment with a beta-adrener- 
gic blocker at the time of a cardiac ischemic episode 
(primary prevention), might be ae: to have 
similar benefits. 


et 
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There are only two other small areas in which 
there is a hint of benefit. The first of these is in the 
differential effect on sudden death of the two drug 
treatment regimens. If confirmed, this finding is in 
accordance with predictions based on the pharmaco- 
logic actions of the two drugs, but the number of 
events was quite small. The second is in the reduc- 
tion of coronary events in nonsmoking men. This 
interesting finding was of questionable statistical 


significance. Logistic regression analysis failed to 


' show a significant difference between the two drugs 
for coronary events comparing smokers with non- 
smokers (p = 0.11). However, a x? test on coronary 
incidence in the- nonsmokers taking propranolol and 
nonsmoking control subjects was just significant 
(p = 0.03). The IPPPSH trial produced a similar 
result in nonsmoking men taking oxprenolol, but the 
HAPPHY trial did not. A recent large, nonrandom- 
ized study in more severe hypertension (as yet 
unpublished) also suggested that beta-blockade 
. reduces coronary death in nonsmoking men. 

If true, it is difficult to understand why such an 
effect should be confined to nonsmokers. Because 
smoking releases catecholamines, which might pro- 
voke cardiac arrhythmias in patients with ischemic 


heart disease, it would be more logical to anticipate - 


benefit from beta-blockade in smokers than in non- 
smokers. Possibly the greater elevation of pressure 
from unopposed alpha-adrenergic effects negates 
such benefit. At present, the evidence on this issue is 
too inconclusive to justify extensive speculation 
about mechartisms. However, future research is 
bound to be influenced by the possibility that drugs 
with different pharmacologic profiles, which lower 
blood pressure to a similar extent, may have differ- 
ential effects on therapeutic outcome. The problem 
of ischemic heart disease in hypertension remains 
largely unsolved,” although a successful campaign 
to persuade patients with hypertension to stop 
smoking would probably make a greater impact than 
any other available intervention. 


We are grateful to our colleagues on the MRC Hypertension 
Trial Working Party, particularly Dr. Gillian Greenberg, for her 
help in the preparation of this manuscript. 
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GROUP DISCUSSION 

G. A. FitzGerald. What is the significance of the 
markedly different relative risks between men and women 
with respect to both ischemic heart disease and risk of 
cerebrovascular accident in patients who smoke? 


x 
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C. T. Dollery. I do not know the significance of the 
differences in risk. However, nonsmoking women have 
very low risk with regard to coronary events: smoking 
seems to increase that risk proportionally more for women 
than for men. 

F. R. Bühler. We have broken down the risk analysis for 
men and women. In both groups, there was a doubling of 
risk in smokers for both stroke and cardiac events, that is, 
no disproportionate increase for women. 

P. W. De Leeuw (Department of Medicine, Zuiderzie- 
kenhuis, Rotterdam, The Netherlands). It is interesting to 
note that stopping smoking returns cardiovascular risk to 
normal levels. Is there any information from the trial to 
indicate whether the duration of smoking before one stops 
is of any importance in determining the postcessation 
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tisk? Do you have any comments on the mechanism 
whereby stopping smoking reduces risk? 

C. T. Dollery. The data that I have presented should not 
be regarded as anything more than an interesting observa- 
tion. The number of events that went into those ratios in 
persons who quit was relatively small. The data from 
which Dr. Wilhelmsen”? quoted, which is based on much 
larger studies, is more reliable regarding the rate of 
decline of risk. If, on stopping smoking, the cardiovascular 
risk declines more rapidly than does the lung cancer risk, 
one could suggest explanations such as decreases in plas- 
ma fibrinogen and reversal of platelet activation. Howev- 
er, I do not believe that we have reached the point where 
there is solid enough evidence to draw such conclusions. 





Impact of smoking on heart attacks. strokes, 
blood pressure control, drug dose, and quality 
of life aspects in the International Prospective 
Primary Prevention Study in Hypertension A 


Effects of smoking are highlighted in a posthoc analysis of this randomized, double-blind 
International Prospective Primary Prevention Study in Hypertension (IPPPSH). At the time of 
entry, 37% of the men and 23% of the women were smoking cigarettes, and only 537 patients 
changed their smoking status during the trial. In mén and women, smoking doubled cardiac and 
cerebrovascular event rates. Nonsmoking men had fewer myocardial infarctions and sudden 

deaths when treated with oxprenolol. Smoking status did not affect in-study blood pressure 
control, the type of drugs, or the combinations used, but smokers were given higher doses of 
oxprenolol. For a given blood pressure during antihypertensive treatment, rates for cardiac and. 
cerebrovascular events were higher in smokers. Heart rates were higher in both oxprenolol and - 
non-beta-blocker-treated smokers. Smoking dose dependently increased hematocrit level. 
Among physician-elicited symptoms, dyspnea and cold extremities were more frequent in 
smokers, whereas dyspnea, headaches, impotence, dizziness, and anxiety states were common, 
with unsatisfactory blood pressure control (diastolic blood-pressure > 95 mm Hg). Quality of life : 
may be more jeopardized by smoking, poor blood pressure control, or diuretic use than by ` 
beta-blocker—based therapy. In the IPPPSH, the patient who smoked had double the . 

Í cardiovascular complication rates without cardiac benefit from the beta-blocker despite higher 
doses given; the higher heart rate and hematocrit level may have P pegcn contributing: factors. (Am 
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Smoking is-a major risk factor for cardiovascular 


morbidity and mortality in men and women! and 


doubles the risk of myocardial infarction, sudden . 
death, and strokes in patients with high blood 
pressure.*"! Smoking appears to hinder the benefi- - 


cial effect of beta-blocker treatment in patients with 
angina pectoris.” The effects of antihypertensive 


treatment on cerebrovascular and cardiac events ` 


have recently been investigated in the Australian 
National Blood Pressure Study, the Medical 
Research Council (MRC) Trial of Mild Hyperten- 


sion,® and the International Prospective Primary `` 


Prevention Study in Hypertension (IPPPSH),°" 


© With the two noncardioselective beta-blockers, pro- ` 


pranolol without intrinsic sympathomimetic activity 
-and oxprenolol containing partial agonist. activity, a 
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cardiac benefit from beta-blockers was found in 


` male patients who did not smoke, but this finding 


was not observed in smokers.?™ 

Smoking can be pathophysiologically viewed as a 
repetitive and exaggerated release of epinephrine 
and norepinephrine, causing a hyperadrenergic state 
with increased heart rate, cardiac contractility, and 
myocardial oxygen demand." Smoking acutely 
influences coronary and peripheral vascular con- 
striction primarily via a,- and a,-adrenergic recep- 
tor—-mediated effects.” In smokers, the increased 
platelet aggregation may also be mediated via ay 
adrenergic receptors; contributing to a higher inci- 
dence of thromboembolic complications within this 
group.” Beta-blockers, particularly those of the 
noncardioselective type, which also block vascular 
$.-adrenergic receptors, enhance unopposed alpha- 
adrenergic receptor—mediated cardiovascular re- 
sponses” and thereby potentiate the negative effects 
of smoking. - 

The present analysis focuses on the patient who 
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Table |. Smoking status and its changes (over 4 years) 





Men - Women 





Total -BB +BB -BB +BB 
No. 1589 1605 1583 1580 
6357 (%) (%) (%) (%). 





Nonsmokers throughout 4889 61 62 78 75 


Nonsmokers — smokers 117 2 2 1 1 
Smokers — nonsmokers* 420 7 9 4 6 
Smokers throughout 1431 30 27 17 18 





BB = beta-blocker. 
*Smokers ~> nonsmokers excluded those smoking < 10 cigarettes/day. 


smokes in the IPPPSH in an effort to demonstrate 
effects of smoking on cardiac and cerebrovascular 
event rates, blood pressure control, drug dose, labo- 
ratory tests, and the quality of life. 


PATIENTS AND METHODS 


IPPPSH primarily investigated the incidence of cardiac 
events (sudden death and myocardial infarction) and 
strokes on treatment regimens containing the beta-block- 
er slow-release oxprenolol compared with regimens not 
containing a beta-blocker. IPPPSH used patients with 
uncomplicated moderate to moderately severe essential 
hypertension and without a history of myocardial infarc- 
tion, angina pectoris, or stroke. Details of patient selec- 
tion, trial procedures, and the main results of the IPPPSH 
have been described previously.” A total of 6357 eligible, 
treated (53%), or untreated patients (3194 men and 3163 
women), ages 40 to 64 years with diastolic pressures 
(Korotkoff V) of 100 to 125 mm Hg, were included in the 
study. They were recruited from hospital outpatient and 
general practice centers in the British Isles, Canada, 
Germany, Holland, Israel, and Italy. The IPPPSH coordi- 
nation center was in Basel. 

The 3185 patients were randomly allocated in a double- 
blind fashion to slow-release oxprenolol and 3172 had an 
identical placebo. To achieve and maintain the target 
diastolic pressure (<95 mm Hg), the treating physician 
was free to add non-beta-blocking drugs, if necessary. 
Patients were followed up for 3 to 5 (average, 4) years 
regardless of adherence to the double-blind treatment 
scheme. Cardiac and cerebrovascular events are defined 
elsewhere. 

Smoking status and its changes during an average of 4 
years’ study time are summarized in Table I. At entry, 
37% of the men and 23% of the women were smokers, and 
only 537 patients changed smoking status during the trial. 
All patients reporting to be current smokers regardless of 
the amount smoked were considered smokers. Slightly 
more women smokers were in the group randomized to 
oxprenolol-based treatment; almost all smokers smoked 
cigarettes. Those who had smoked in the past but not at 
the time of entry to the study were recorded as former 
smokers and were considered nonsmokers for the purpose 
of this analysis. 
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| Cardiac events 
| 





logig rates per 1000 years 





85 90. 95 100 105 
| Strokes 


log19 rates per 1000 years 








85 90 95 100 105 
In study diastolic blood pressure (mmHg) 


Fig. 1. Cardiac event (myocardial infarction and sudden 
death) and stroke rates relative to in-study diastolic blood 
pressure control in smokers (closed circles) and nonsmok- 
ers (open circles). 


During the study and while receiving double-blind 
treatment, 30% of the patients were treated with oxpre- 
nolol alone and 15% remained on the placebo only. Total 
diuretic use was 67% in the oxprenolol and 82% in the 
non-beta-blocker—based group. Diuretic use was similar in 
men and women. Third drugs (sympatholytics or vasodila- 
tors) with a diuretic were used in 48% of patients in the 
non-beta-blocker group and 33% of those in the oxpreno- 
lol group. ; 

Blood pressure, heart rate, and physician-elicited symp- 
toms were recorded at quarterly intervals and the hema- 
tologic-and chemical laboratory tests at yearly intervals. 
Statistical analyses of variance techniques” were used to 
examine differences in blood pressure measurements. 
Systolic and diastolic pressure control over time was 
summarized by means.” Physician-elicited symptoms 
were analyzed, with significance assessed by the Mantel- 
Haenszel test.” All reported p values refer to two-tailed 
significance tests. ‘ 


RESULTS 


Smoking, blood pressure control, cardiac events, and 
strokes. As shown in Fig. 1, smokers had cardiac 
event and stroke rates that were twice as high for a 
given in-study mean diastolic blood pressure. Only 
at the lowest and highest in-study diastolic blood 
pressure levels was the smoking effect not evident, 
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Placebo 


i d 


Number of study tablets 


1.54 J $ 4 Oxprenolol SR 








807 734 743 643 672 586 375 332 
g 1958 1954 1854 1808 1718 1690 1111 1043 


+BB -BB +BB -BB +BB -BB +BB -BB 
1 2 3 4 years 


Fig. 2. Smoking status and dose of study medication/ 
placebo in smokers (closed symbols) and nonsmokers 
(open symbols). One tablet of slow-release oxprenolol 
contained 160 mg of drug. SR = slow release; BB = beta- 
blocker. 
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Fig. 3. Heart rate responses in smokers and nonsmokers 
in oxprenolol-based (solid lines) and non-beta-blocker— 
based treatments (broken lines). 


which may result from the relatively small event 
rates at these extreme levels of pressure. Similar 
. differences were found for men and women (data not 
shown), although event rates were doubled in men. 
There was no evidence for a U-shaped increase in 
cardiac or stroke events at low in-study diastolic 
blood pressures. Similar findings emerged from in- 
study systolic blood pressure analyses. The average 
body weight did not change in either smokers or 
nonsmokers during the study. 


Blood pressure control, heart rate, and drug dose. 


Smoking status did not affect in-study blood pres- 
. sure control, the type of drugs, or the combinations 
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Fig. 4. Relationship between number of cigarettes 
smoked per day and hematocrit level in men and women; 
mean values + 95% confidence intervals. 


used, but smokers were given consistently more 
placebo study medication and higher doses of oxpre- 
nolol compared with nonsmokers (Fig. 2), that is, a 
15 to 20 mg higher dose of slow-release oxprenolol. 
In both treatment groups (Fig. 3), smokers had 
consistently higher heart rates than nonsmokers 
(p < 0.01). 

Smoking status and laboratory tests. There was a 
direct relationship between the severity of smoking 
and hematocrit; men had 10% higher levels than did 
women (Fig. 4). Smoking did not affect any of the 
other hematologic or chemical laboratory tests, 
including platelet and white blood cell counts, plas- 
ma cholesterol, potassium, glucose, and uric acid 
levels. 

Smoking, blood pressure control, and physician-elici- 
ted complaints. Among the physician-elicited com- 
plaints with at least one report during double-blind 
treatment, five factors showed significant differ- 
ences comparing effects of smoking and effects of 
treatment (Table II). Five factors also showed sig- 
nificant differences comparing patients with good 
and unsatisfactory (diastolic > 95 mm Hg) blood 
pressure control (Table II). In smokers compared 
with nonsmokers, dyspnea and cold extremities were 
more frequent. Dyspnea, headaches, impotence, diz- 
ziness, and anxiety states were more common with 
unsatisfactory than with satisfactory blood pressure 
control. Patients receiving oxprenolol had more cold 
extremities and dyspepsia but less headaches, impo- 
tence, dizziness, and anxiety; asthma was not affect- 
ed by either oxprenolol, smoking, or blood pressure 
control. 
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Table Il. Smoking status and physician-elicited com- 
plaints (per 1000 patients) 








Nonsmokers Smokers 

-BB +BB -BB +BB 
Dyspnea 58 53 74 74* 
Cold extremities 18 30 39 42*,t 
Impotence (men) 110 87 124 104 
Headache 231 187 233 192+ 


Anxiety, depression 174 155 196 156f 





BB = beta-blocker. 
Smoking-complaint effect x?, *p < 0.01. 
Treatment-complaint effect x2, tp < 0.01. 


DISCUSSION 


The cardiac benefit of oxprenolol treatment in 
nonsmoking men published in a recent IPPPSH 
report and supported by similar findings of the 
MRC Trial in Mild Hypertension® gains further 
support by the present posthoc IPPPSH analysis. In 
the IPPPSH, patients who smoke had a doubling of 
cardiovascular complications without the cardiac 
benefit from the beta-blocker despite higher doses 
given. The consistently higher heart rate and hemat- 
ocrit level may have contributed to the beta-blocker 
not showing cardiac benefit. Some symptoms that 
can adversely affect quality of life, including dys- 
pnea, cold extremities, impotence, headache, anxi- 
ety, and depression, may be more affected by the 
smoking state, unsatisfactory blood pressure con- 
trol, or diuretic use than by beta-blocker—containing 
therapy. 

A similarly structured preventive effect was found 
by the MRC Trial in Mild Hypertension using the 
noncardioselective beta-blocker propranolol without 
ISA,* whereas in the Heart Attack Primary Pre- 
vention in Hypertensives trial, which used the car- 
dioselective beta-blockers metoprolol and atenolol, 
no differences in cardiac event rates were found 
between smokers and nonsmokers.” This discrepan- 
cy with the IPPPSH and MRC Study may be 
attributed to study design, data analysis, or con- 
founding factors or possibly to the type of beta- 
blockers used. Thus all effects of enhanced unop- 
posed œ- and a,-adrenergic receptor—-mediated vas- 
cular and possibly rheologic and metabolic effects 
may be less prominent with the use of a cardioselec- 
tive beta-blocker, that is, one that does not block 
B,-adrenergic receptors and therefore may also ben- 
efit the smoker. : 

That the oxprenolol benefit was demonstrabl 
only in nonsmoking men may have been influenced 
by their higher rates of coronary heart disease 
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Table Ill. Blood pressure control and physician-elicited 
complaints (per 1000 patients) 








DBP = 95 DBP > 95 
mm Hg mm Hg 
-BB +BB -BB +BB 
Dyspnea 56 55 77 74* 
Cold extremities 18 32 25 38t 
Impotence (men) 91 94 156 92* 
Headaches 206 168 285 249* + 


Anxiety, depression 153 141 234 197* 





DBP = diastolic blood pressure; BB = beta-blocker treated. 
Blood pressure control-complaint effect xê, *p < 0.001. 
Treatment-complaint effect xê, tp < 0.001. 


relative to women! Men generally smoke 
more,>? and their higher rates and severity of 
chronic obstructive lung disease may be a conse- 
quence of increased smoking behavior. 

In the IPPPSH, the possibility of poor compliance 
of smokers is unlikely since good and comparable 
blood pressure control was achieved in smokers and 
nonsmokers. Blood pressure control was poorer in 
smokers in the MRC Trial.” The relatively better 
blood pressure control achieved in IPPPSH smokers 
may be from the 10% higher dose of oxprenolol used 
and the constant trial reinforcement of achieving a 
diastolic target pressure <95 mm Hg. 

Pharmacologic and biochemical reasons could 
explain the lack of oxprenolol’s preventive effect in 
smokers. Smoking facilitates catecholamine release. 
Thus it increases ventricular premature activity,” 
enhances coronary vasomotor tone," stimulates 
platelet aggregation,’* decreases the oxygen-carry- 
ing capacity of erythrocytes, thereby promoting 
myocardial ischemia,” and jeopardizes endothelial 
integrity, particularly in stenotic coronary vessels.” 
Furthermore, beta-blocker therapy increases coro- 
nary vascular resistance via unopposed alpha-adren- 
ergic receptor-mediated vasoconstriction, with 
reported suppression of local prostaglandin I, 
synthesis® without changes in thromboxane A, lev- 
els. 33 Such an effect is relevant for hypertensive 
patients, in whom qı- and a,-adrenergic receptor- 
mediated vasoconstriction is enhanced.*** Alterna- 
tively, the smoking-induced humoral and hemody- 
namic alterations may compete and override beta- 
adrenergic receptor blockade, as evidenced by the 
lack of reduction in heart rate and blood pressure 
observed in patients who smoke and who have 
angina pectoris.” In this respect, the consistently 
elevated heart rate may reflect the consistently 
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greater effects of the sympathetic nervous system on 
the heart, despite the use of a higher dose of 
beta-blocker. It is also conceivable that the higher 
hematocrit levels observed in smokers may have 
contributed to greater viscosity and jeopardized 
theology, particularly in the presence of greater 
atherosclerotic changes within coronary and periph- 
eral arteries in patients who smoke. 

In treating milder hypertension, the high preva- 
lence that results in high statistical risk of cardiovas- 
cular complications, even minor unwanted effects of 
therapy have become unacceptable. In the IPPPSH, 
among physician-elicited complaints (patient- 
assessed complaints are not included here), only 
cold extremities were reported more frequently in 
patients receiving oxprenolol-based treatment, and 
this is known for other beta-blockers as well.** On 
the other hand, oxprenolol greatly reduced com- 
plaints of headache, irrespective of smoking status, 
although this was less pronounced in patients with 
incomplete blood pressure control. Dyspnea, anxi- 
ety, depression, and impotence often attributed to 
beta-blocker therapy*”* were less frequent in the 
IPPPSH during beta-blocker-based therapy, but 
were rather a problem in smokers or in patients with 
poor blood pressure control. This finding tallies with 
the notion that impotence may result from hyper- 
tensive arteriosclerotic disease® and may be aggra- 
vated by volume depletion with diuretics, as found 
in the present analysis and in the MRC trial.” 

In conclusion, cardiac benefit can be gained by 
controlling blood pressure with any antihyperten- 
sive therapy.” An excess cardiac event rate observed 
with diuretic treatment in the Multiple Risk Factor 
Intervention Trial is not supported by the 
IPPPSH.” Both IPPPSH and the MRC Trial in 
mild hypertension caution extrapolation of the sec- 
ondary preventive effect of beta-blockers in patients 
with coronary heart disease to primary prevention in 
hypertension. Smoking seems to compete with a 
possible preventive effect of beta-blockers for inci- 
dence of cardiac events in men with hypertension. In 
addition to good blood pressure control benefiting 
both cardiac and cerebrovascular sequelae, the 
potential of well-tolerated antihypertensive treat- 
ment with beta-blockers may be fully exploited only 
by paying greater attention to other risk factors, 
particularly cigarette smoking. 


We are indebted to the IPPPSH study team as listed in 
previous publications'*™ for having helped produce a data bank 
that enables further hypothesis-generating analyses made possi- 
ble by Ciba-Geigy. 
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GROUP DISCUSSION 


L. Wilhelmsen. In the Heart Attack Primary Prevention 
in Hypertensives (HAPPHY) trial, we used selective 
beta-blockers, but did not find any interaction between 
smoking and the effect of beta-blockers. In all three trials 
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(HAPPHY, Medical Research Council [MRC], and Inter- 
national Prospective Primary Prevention Study in Hyper- 
tension [IPPPSH]), the question of how much emphasis 
can be put on p values with the use of posthoc subgroup 
analysis poses problems. However, the HAPPHY trial had 
as many end points as the other two trials, so there might 
be real differences resulting from the use of different types 
of beta-blocker, for example, selective vs. nonselective. I 
believe it is dangerous to draw the conclusion that beta- 
blockers in general should not be given to smokers: we do 
not have data to support that conclusion. 

C. T. Dollery. You have suggested that for patients who 
suffered a myocardial infarction within the HAPPHY 
trial, there is evidence that their subsequent mortality 
varied, depending on the treatment regimen. 

L. Wilhelmsen. In the HAPPHY trial, those patients 
who suffered a nonfatal myocardial infarction were 
allowed to continue in the trial, so we collected the end . 
points for these people. There was a somewhat lower 
mortality rate after suffering a myocardial infarction 
among those persons who received beta-blockers, an effect 
in agreement with other studies on beta-blockers and 
postmyocardial infarction. However, the figures are small: 
the difference was nonsignificant, but that might result 
from the low numbers. 

F. R. Bühler. I cannot remember suseeeune that beta- 
blockers should not be given to smokers. I believe smokers 
should be given beta-blockers. However, with respect to 
cardiac complications, men who smoke may not benefit to 
the same extent as nonsmokers from beta-blockers. 

L. Wilhelmsen. Using subgroup analysis from the com- 
posite of three trials, we cannot conclude that men who 
smoke may not benefit from beta-blockers. Two of the 
studies (MRC and IPPPSH), drew that conclusion but the 
HAPPHY trial did not. The MRC and IPPPSH trials 
used nonselective beta-blockers, whereas the HAPPHY 
trial used a selective one. It could be that differences in 
results reflect differences between selective and nonselec- 
tive beta-blockers. I believe we have to be cautious when 
discussing interactions between smoking and beta-block- 
ers. 

G. Mancia. Can the results obtained from the Austra- 
lian trial be considered in terms of clarifying divergent 
results between trials? 

C. T. Dollery. The Australian trial was rather small, 
with difficulties in subgroup analyses, even if one regards 
these as statistically legitimate. 

In the MRC trial, we did not say in aE that we 
would analyze by cigarette smoking status. However, there 
is clear evidence that smoking is an important indepen- 
dent risk factor in vascular disease. The statistical objec- 
tion to subgroup analysis is partly on the basis that one 
selects an analysis because one sees in the data a particu- 
lar type of pattern. That is not the reason we did the 
smoking analysis. 

However, the fact that Dr Wilhelmsen did not agree 
with the MRC and IPPPSH data is something that has to 
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make us pause and think very carefully. Pharmacological- 
ly,- the most convenient explanation for differences in 
outcome between trials lies with the differences in thé 
pharmacologic action of the different beta-blocker drugs. 


J. Trap-Jensen. In short-term studies with hyperten- 
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sive and nonhypertensive smokers, we found differences 
in efficacy between the selective and nonselective beta- 
blockers; the selective blockers showed more favorable 
effects with smokers than with nonsmokers. However, my 
study dealt with only 12 subjects. 





Strategies to reduce risk factors in hypertensive 


patients v who smoke 


Hypertensive patients who smoke have a high risk of developing premature cardiovascular 
disease. In addition to encouraging these patients to stop smoking, effective nondrug therapies 
include weight reduction, salt restriction, and alcohol limitation. For patients whose hypertension 
is severe or who have other health problems, antihypertensive drug therapy is also used. In the 
past, diuretics and beta-blockers have proved popular. However, these drugs have produced 
biochemical disturbances, such as diuretic-induced hypokalemia and both diuretic- and ~ 
beta-blocker-induced alterations in blood lipids. The hazard of such drug-induced alterations may 
be greater in hypertensive patients, who may already suffer from hypercholesterolemia. Other - 
drugs are available that can treat hypertension with no or benefi cial influence on blood lipids. 
For smokers, the selective a,-receptor inhibitors may be more attractive, since they also act to 
counteract the vasoconstriction produced by nicotine. Inthe future, Inhibitors of 
hydroxymethyiglutaryl coenzyme A reductase may offer potential for effective control of blood 
lipids in hypertensive patients who smoke. aah Heart J 1988; 115: 288.) 


Norman M. Kaplan, MD. Dallas, Texas 


As amply brought out in the other papers in this 
symposium, cigarette smoking has at least an addi- . 


tive effect on the other known risk factors causing 
premature cardiovascular diseases. Therefore 
hypertensive patients who smoke must be counseled 
to quit smoking and reduce all other remediable risk 
factors. As obvious as this seems, results from a 
recent survey of 5875 adults in the state of Michigan 
indicate that smoking is about as prevalent among 
hypertensive patients as in the overall population. 
Most disturbingly, physicians usually do not advise 
smokers, hypertensive or not, to quit smoking. 


We must then intensify efforts to reduce all risk 


factors in those persons-who are at such high risk for 
premature cardiovascular disease. In this article I 
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focus on control of hypertension and reduction of 
hypercholesterolemia. In this context, an analysis of 
increased life expectancy as a result of modifying the - 
three major risk factors reveals that smoking cessa- 
tion is most effective, reduction of blood pressure is 
second, and lowering of cholesterol is the least 
effective (Table I.” 


CONTROL OF HYPERTENSION 


Patients with any degree of elevated blood pres- 
sure, even to levels not traditionally considered 
hypertensive, should be advised to use nondrug 


t 


- therapies. Those therapies shown in Table II have 


been found to reduce blood pressure.’ Those persons 
whose hypertension is more severe, that is, diastolic 


- blood pressure persistently >95 mm Hg or who are 


at high risk from other problems, for example, 
diabetes mellitus, should also be given appropriate 
antihypertensive drug therapy, with particular con- 
cern not to aggravate other risks. 

Nondrug therapy. Of those therapies listed in Table 
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Table |. Months added to life expectancy from selected 
changes in risk factors for persons at high risk 





Cholesterol 14% reduction in 
Age reduction Smoking in systolic 
(yr) 6.7% 20% cessation blood pressure 
<a mo added > 
Women 
20 4 12 37 19 
40 9 24 37 26 
60 il 29 23 22 
Men 
20 4 1l 70 24 
40 T 18 63 34 
80 2 5 32 24 





Modified from Taylor WC, Pass TM, Shepard DS, Komaroff AL. Choles- 
terol reduction and life expectancy. Ann Intern Med 1987;106:605-14. 


II, weight reduction, moderate sodium restriction, 
and limitation of alcohol intake to <2 ozs/day seem 
most effective in reducing blood presure for the 
largest. number of patients. Although the use of all 
seven therapies can be defended,‘ some investigators 
question the evidence that they will help or that 
patients will use them.** 

‘Weight reduction will not only lower the blood 
pressure of those persons who are overweight, but 
will also likely improve their lipid profile (Table ITT). 
In the study by MacMahon et al.,° a group of young, 
overweight, hypertensive subjects were randomly 
assigned to a diet that averaged 1000 calories below 
their usual diet, or to a beta-blocker or a placebo. 
During the ensuing 21 weeks, those persons on a 
weight reduction diet (who lost an average of 8.3 kg) 
had a greater fall in blood pressure than did those 
taking the beta-blocker. Moreover, whereas the lipid 
profile deteriorated with the beta-blocker, it 
improved with the diet. 

People who smoke tend to have less obesity.” If 
they stop smoking, they may gain weight, and for 
that or other reasons, experience a rise in blood 
pressure." Thus. among those persons who are 
already hypertensive and are attempting to quit 
smoking, additional attention should be directed 
toward institution of a lower calorie diet. 

Along with the reduction in calories, a moderate 
restriction of dietary sodium intake will lower the 
blood pressure significantly only in those hyperten- 
sive patients who are sodium sensitive.” Part of the 
benefit of a lower sodium intake may reflect an 
increase in potassium intake that accompanies sub- 
stitution of fresh foods for highly salted processed 
foods. 
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Table Il. Noridrug therapies for hypertension 


1. If obese, weight reduction 

. Dietary sodium restricted to 2 gm (88 mmol)/day 

. Supplementary potassium, magnesium, and calcium, if 
deficiency exists 

More fiber and less saturated fat 

. Alcohol limited to 1 ounce/day 

Regular isotonic exercise 

. Relaxation therapy 


wb 


Bate 








Table lli. Changes after 21 weeks of therapy for the 
treatments shown - 





Weight 
reduction Metoprolol Placebo 
Weight (kg) -7.4 +2.0 +0.5 
Systolic blood pressure —13.3 -9.9 -7.4 
(mm Hg) 
Diastolic blood pressure —9.8 —6.2 —3.1 
(mm Hg) 
Total cholesterol —12.2 +8.4 +5.3 
_ (mg/d) 
HDL cholesterol +2.7 —4.2 +0.8 
(mg/dl) 








HDL = high-density lipoprotein. 

Modified from MacMahon SW, MacDonald GJ, Bernstein L, et al. 
Comparison of weight reduction with metoprolol in treatment of hyperten- 
sion in young overweight patients. Lancet 1985;1:1233-6. 


A calcium supplement may lower blood pressure 
in some patients,’ whereas other patients experi- 
ence either no effect or a rise in pressure. Whether 
those persons who respond favorably can be identi- 
fied remains to be proved. Some investigators have 
found that the responders tend to have higher 
parathyroid hormone levels,’ perhaps reflecting 
parathyroid stimulation caused by a renal leak of 
calcium, which in turn could be a consequence of a 
high sodium intake. 

Additional attention will be directed toward 
maneuvers to reduce elevated serum cholesterol, 
since it is a major risk factor and may be worsened 
further by antihypertensive drug therapy. 

Of the remaining nondrug therapies, moderation 
in alcohol intake may be particularly pertinent since 
smoking is often associated with consumption of 
alcohol. Clearly, blood pressure will rise in many 
persons when they consume an average of more than 
2 ounces of ethanol a day, and their blood pressures 
will usually fall when their consumption is reduced.“ 
Therefore all hypertensive patients should be 
advised to consume no more than 2 ounces of 
ethanol per day, which can be translated into one- 
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Table IV. Antihypertensive drugs available in the United 











States 
Volume Adrenergic 
depleters inhibitors Vasodilators 
Diuretics Peripheral Direct 
Thiazides and Reserpine Hydralazine 
related Guanethidine Minoxidil 
drugs Guanadrel: Diazoxide 
Chlorthalidone Nitroprusside 
Metolazone 
Indapamide Central 
Methyldopa 
Loop diuretics Clonidine Calcium antagonists 
Furosemide Guanabenz Diltiazem 
Bumetanide Guanfacine Nifedipine 
Verapamil 
K* savers Beta-receptor 
Spironolactone Acebutolol Converting enzyme 
Triamterene Atenolol inhibitors 
Amiloride Metoprolol Captopril 
Nadolol Enalapril 
Pindolol 
Propranolol 
Timolol 
Alpha-receptor 
Prazosin 
Combined alpha and 
beta i 
Labetalol 





half ounce of ethanol per measure of whiskey, glass 
of wine; or beer. On the other hand, consumption of 
one or two drinks on the average per day has been 
associated with lower blood pressure and less coro- 
nary heart disease, so there is no reason to counsel 
total abstinence. 

Regular isotonic exercise may reduce blood pres- 
sure.” Behavioral therapists often advise that those 
persons who attempt to quit smoking begin a regular 
exercise program. Similarly, relaxation therapy may 
lower blood pressure and may be particularly 
helpful for those persons attempting to stop smok- 
ing. 

Drug therapy. For those persons whose blood pres- 
sure remains too high despite the use of nondrug 
therapies and is so high as to require immediate and 
more certain reduction, a large number of drugs are 
available (Table IV). In the past, the initial choice 
has usually been a diuretic, with beta-blockers the 
second most popular choice. However, failure to 
provide protection against coronary heart disease by 
diuretics and beta-blockers in numerous large-scale 
clinical trials” has prompted more widespread use of 
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Table V. Diuretic and beta-blocker effects on lipids: A 
prospective 42-month study on 68 hypertensive men 





Mo of treatment 0 6 12 24 42 





Atenolol, 100 mg once daily 
No. of patients. . 35 35 35 26 9 
Mean total cholesterol (mg/dl) 227 238 242 232 238 
Mean HDL cholesterol (mg/dl) 438 40 39 38 37 
Hydrochlorothiazide, 50 mg once daily 
No. of patients 33 33 33 22 q 
Mean total cholesterol (mg/dl) 231 236 249 247 279 
Mean HDL cholesterol (mg/dl) 43 44 44 42 46 





HDL = high-density lipoprotein. : 
Modified from Middeke M, Weisweiler P, Schwandt P, Holzgreve H. 
Serum lipoproteins during antihypertensive therapy with beta-blockers 
and diuretics: a controlled long-term comparative trial. Clin Cardiol 
1987;10:94-8. 


Table VI. Effects of antihypertensive drugs on serum 
lipids a 








High-density 





; lipoprotein 
Drug group Total cholesterol cholesterol 
Thiazides Increase Decrease/no change 
Beta-blockers Increase/no change Decrease/no change 
Selective Decrease Increase 
o-inhibitors 
Centrally acting No change/decrease No change/increase 
agents 
Converting-enzyme No change No change 
inhibitors 
Calcium No change No change 
antagonists 








the numerous other choices now available. Some 
choices, which have recently become available, have 
been found to provide equal antihypertensive poten- 
cy, less interference with the quality of life,” and 
more important, fewer disturbances of various bio- 
chemical values, which may have important conse- 
quences. o 

Of these biochemical disturbances, diuretic- 
induced hypokalemia and both diuretic- and beta- 
blocker—-induced lipid alterations seem most impor- 
tant. Smokers could be even more susceptible to the 
hazard of ventricular ectopic activity induced by 
hypokalemia as a result of an additional fall in 
plasma potassium level that accompanies activation 
of the sympathetic nervous system induced by the 
nicotine. 

Of more certain hazard to hypertensive patients, 
whether or not they smoke, is the rise in total and 
low-density lipoprotein cholesterol levels that usual- 


in) 
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Total Cholesterol > 252 mg/dL 
Percent 


40 


P <0.001 NS 


P <0.01 


Males Females 





Normal blood 
Key c] pressure 





High blood pressure 
{no treatment) 
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Ratio of Total to HDL-C > 6.0 
Percent 


40 


30 


20 


10 





Females 


Males 


Antihypertensive 
treatment 





Fig. 1. Prevalence of elevated total cholesterol levels and elevated ratio of total cholesterol to 
high-density lipoprotein cholesterol (HDL-C) in normotensive and hypertensive groups among a random 
selection of 5603 Australian men and women. In all instances, p values or not significant (NS) designations 
refer to the significance between one bar and the next bar. (Modified from MacMahon SW, MacDonald 
GJ. Antihypertensive treatment and plasma lipoprotein levels: the associations in data from a population 


study. Am J Med 1986;80[suppl 2A]:40-7.) 


Table Vil. Changes after long-term (20 weeks to 1 year) 
therapy for the treatments shown 





Atenolol 


Doxazosin 

Weight (kg) +0.6 +1.0 

Systolic blood pressure —11.3 —13.3 
(mm Hg) 

Diastolic blood pressure ~8.8 ~10.2 
(mm Hg) 

Triglycerides (% —5.0 +42.7 
change) 

Total cholesterol (% 1.7 +2.7 
change) 

HDL cholesterol (% +3.9 -7.4 
change) 

HDL/total cholesterol +5.4 —9.9 
(% change) 


HDL = high-density lipoprotein. 

Modified from Frick MH, Haltunen P, Hinanen P, et al. A long-term 
double-blind comparison of doxazosin and atenolol in patients with mild to 
moderate essential hypertension. Br J Clin Pharmacol 1986;21:55S-62S. 


ly accompanies long-term diuretic therapy, as well 
as the rise in triglycerides and the fall in high- 
density lipoprotein (HDL) cholesterol that usually 
accompany the use of beta-blockers lacking intrinsic 
sympathomimetic activity.“ Although some authors 
believe that the lipid abnormalities seen with both 
diuretics and nonintrinsic sympathomimetic activi- 
ty beta-blockers may be either unimportant or 


Table VII. Effects of mackerel diet in 12 hypertensive 
patients 





2 wk* 
Before later 


8mo* 2 mo* 
later later 


Systolic blood pressure 149 136 140 147 
(mm Hg) 

Diastolic blood pressure 99 88 92 96 
(mm Hg) 

Total cholesterol - 5.58 4.98 5.37 5.65 
(mmol/L) 

HDL cholesterol 1.39 1.63 1.42 1.32 
(mmol/L) 

Thromboxane B; 140 61 161 123 
(ng/ml) 





*Total œ fatty acids = 5.0 gm/day for first 2 weeks, 1.2 gm/day for 
subsequent 8 months, and none for subsequent 2 months. HDL = high- 
density lipoprotein. 

Modified from Singer P, Berger I, Luck K, Taube C, Naumann E, Godicke 
W. Long-term effect of mackerel diet on blood pressure, serum lipids and 
serum thromboxane formation in patients with mild essential hyperten- 
sion. Atherosclerosis 1986;62:259-65. 


transient, there is no reason to believe that drug- 
induced changes are any less threatening than those 
arising from other environmental influences. There 
is evidence that such abnormalities may persist for 
as long as the drugs are used (Table V). In the study 
by Middeke et al.,” the effects lasted for the entire 
42 months during which either hydrochlorothiazide 
or atenolol was used. The increases in total and 
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low-density lipoprotein cholesterol induced by the 
diuretic were as marked with doses <50 mg/day as 
with doses >50 mg/day. With the beta-blocker, the 
changes were quantitatively greater with doses >100 
mg/day than with doses <100 mg/day. 


The hazard of these drug-induced alterations of _ 


blood lipids may be even greater in those persons 
with hypertension, who are more likely to have 
hypercholesterolemia to begin with” (Fig. 1). In this 
survey of a random selection of Australian men and 
women, those persons who were hypertensive and 
not receiving therapy had a significantly higher 
prevalence of both elevated total and abnormal total 
cholesterol to HDL cholesterol ratio than did those 
who were normotensive. Among men, the abnormal- 
ities were even more common in the face of antihy- 
pertensive drug therapy. 

Fortunately, the other major classes of drugs 
_ available to treat hypertension are either neutral or 

possibly beneficial in their influence on blood lipids 
(Table VI). In particular, the selective a,-receptor 
inhibitor prazosin has been found to reduce total 
cholesterol and raise HDL cholesterol levels in 
numerous controlled trials.“ Similar but greater 
beneficial changes in plasma lipid fractions have 
been observed with the longer-acting selective œ,- 
inhibitor doxazosin. These changes are particu- 
larly impressive when compared with changes 
seen with the §,-selective blocker atenolol (Table 
VI). 

The a,-receptor inhibitors share a vasodilatory 
hemodynamic effect with the agents listed as vasodi- 
lators in Table IV. Because the hemodynamic fault 
of established hypertension is an increase in periph- 
eral resistance, the effect of these agents to reduce 
resistance makes them inherently attractive. Those 
who smoke may be in need of further effective 
vasodilation, since nicotine may cause additional 
vasoconstriction. 


CONTROL OF HYPERLIPIDEMIA 


Beyond the use of antihypertensive drugs that are 
at least neutral in their effects on blood lipids and at 
best beneficial, more direct strategies may be 
needed to reduce the risk of hyperlipidemia in 
hypertensive patients who smoke. At present, this 
will be achieved mainly by use of a prudent low- 
cholesterol, low-saturated fat diet. In addition, 
supplements of w-, fatty acids taken as capsules of 
fish oil concentrates may be used, since, in addition 
to their beneficial effects on lipids, they may also 
lower elevated blood pressures” (‘Table VIII). 
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In the future, inhibitors of the hydroxymethylglu- 
taryl coenzyme A reductase enzyme involved in 
cholesterol biosynthesis will provide much greater 
reductions in serum cholesterol levels.” For those 
who need them, they offer the potential for much 
more effective control of hypercholesterolemia than 
currently available strategies. In the meantime, a 
prudent diet, regular isotonic exercise, and moder- 
ate alcohol intake may be enough. A variety of 
lipid-reducing agents are now available, but they are 
relatively weak in effect and poorly tolerated. 


CONCLUSION 


Because those persons who are hypertensive and 
smoke are at such high risk for the development of 
premature atherosclerotic cardiovascular disease, we 
must do everything possible to reduce that risk. 
Obviously, cessation of smoking and good control of 
hypertension must be the primary goals, but atten- 
tion should be directed at all of the ancillary risk 
factors. In particular, care must be taken to avoid 
inadvertent increased risk by use of antihyperten- 
sive agents that may adversely alter blood ue 
levels. 
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GROUP DISCUSSION 


M. Mancini. (Inst. Clin. Med., University of Naples, 
Italy). Your presentation clearly emphasized the impor- 
tance of a multidisciplinary approach to the treatment of 
the hypertensive patient. In the studies mentioned, hyper- 
cholesterolemia was identified as serum cholesterol >240 
mg/dl, When we consider any data integrating hypercho- 
lesterolemia and other risk factors, we now understand 
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that cholesterol levels >200 mg/dl are excessive in hyper- 
tensive patients. Thus I would stress that when treating 
hypertensive patients, one must consider approaching a 
serum cholesterol level of 200 mg/dl as an ideal target. 
Such a level could be achieved by nonpharmacologic 
means, such as diet and exercise, to reduce the patient’s 
risk of coronary disease. i 

N. M. Kaplan. I agree—we are going to witness a major 
change in therapy toward hypertensive patients with the 
advent of hydroxymethylglutaryl coenzyme A reductase 
inhibitor drugs. The first of these drugs has been 
approved for use in the United States. Although data on 
these drugs are only about 4 years old, they are presently 
presumed to be relatively safe, easy to take, and easily 
tolerated. They lower blood cholesterol more effectively 
than earlier treatments. During the past 10 years, we have 
seen a major push in the treatment of hypertension. The 
next 10 years will push us toward the treatment of even 
relatively mild hypercholesterolemia. 

T. Strasser (World Hypertension League, Geneva, 
Switzerland). An intriguing aspect for the epidemiologist 
is, by what mechanisms do mild single-risk factors add up 
to significant overall risk? However, my main point is this: 
I recently attended a meeting organized by the Council of 
International Medical Scientific Organizations, in which 
life-styles were discussed. Most of the delegates did not 
favor the suggestion that physicians should attempt to 
alter their patients’ life-styles away from habits recog- 
nized as harmful by epidemiologists and cardiovascular 
scientists. Some sociologists and other nonmedical people 
present at that meeting were frankly upset about the 
attempts of the medical community to impinge on the 
public’s liberty to smoke. We should consider strategies on 
how to spread our views to the public and to physicians 
not in our field. 

N. M. Kaplan. In the United States, there seems to be 
little question concerning the risks of smoking, high blood 
pressure, and high serum cholesterol: such is not the case 


‘throughout the rest of the world. I am impressed that 


physicians are very effective in persuading patients to 
change smoking habits. In the study Rose et al.,” half of 
the British civil servants who had been asked repeatedly 
by their physicians to quit smoking were able to stop 
smoking, at least temporarily. I do not believe there 
should be any hesitation on the part of the physician to 
advise patients to alter life-style habits. 

G. Mancia. Do you think there is evidence to consider 
the increase in triglycerides induced by beta-blockers an 
additional risk factor? 

N. M. Kaplan. Hypertriglyceridemia alone has not been 
an independent risk factor in most studies. A more major 
risk seems to be the reciprocal change, that is, as plasma 
triglycerides increase, plasma high-density lipoprotein 
levels tend to decrease because of the composition of the 
lipids. The lower level of high-density lipoprotein appears 
to be the major risk factor. 

G. Mancia. Do you believe that we need additional 
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intervention studies with people whose plasma cholesterol 
levels are normal to investigate whether lowering choles- 
terol reduces morbidity and mortality? 

N. M. Kaplan. I understand that the pharmaceutical 

“companies actively researching hydroxymethylglutaryl 
coenzyme A reductase inhibitors are planning and con- 
ducting larger-scale long-term studies. There are likely to 
be governmental studies involving mild hypercholesterol- 
emic populations just as there were with milder hyperten- 
sive populations. 

S. Di Somma (Sezione Autonoma di Cardioangiol., 
Naples, Italy). In your practice, do you advise any partic- 
ular diet for patients with hypertriglyceridemia induced 
by beta-blockers? 
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N. M. Kaplan. There are indications for beta-blockers, 
and many of our patients will respond well to these drugs. 
Even if they do not take a beta-blocker, I advise them to 
use a diet lower in saturated fats. If the patient takes a 
beta-blocker, I monitor blood lipids more closely. I am 
convinced that the lipid changes outlined may turn out to 
be an important reason why some clinical trials have not 
shown protection against coronary disease. It is important 
that hypertensive patients and normotensive persons fol- 
low a prudent diet. The need for a prudent diet is more 
important in patients, who as a result of drug therapy, are 
more susceptible to blood lipid changes. 


SUMMARY 





Garret A. FitzGerald, MD. Nashville, Tenn. 


Symposium summaries tend to be exhaustive and 
reiterative; a tedious chore for the author, boring for _ 


the participants, and unread by.a wider audience. I 


will attempt to be brief, ee and perhaps: 


provocative. 


SMOKING INCREASES THE RISK OF SOME BUT NOT E 


ALL CARDIOVASCULAR DISEASES 


Various approaches have been taken to link gee 
ing with cardiovascular disease. Myocardial infarc- 


_ tion, sudden death, stroke, and unstable angina, but 
not chronic stable angina, are more common in 


smokers than in nonsmokers."? Multivariate analy- ` 


sis of the prospective incidence of such events in 
apparently healthy men has also implicated ciga- 
Tette smoking.’ Such analyses suggest that smoking 
- interacts in a multiplicative.rather than an additive 
manner-with other risk factors, such as elevations in 


serum cholesterol.‘ Finally, case-control studies sug- 


gest that. risk declines toward that of nonsmokers 


within 1 to 2 years of quitting cigarettes. In the only S 


prospective study of quitting, . however, the reduc- 
tion in risk was not as impressive. a - 


SEVERAL MECHANISMS ARE LIKELY TO CONTRIBUTE l 


TO SMOKING-RELATED CARDIOVASCULAR DISEASE 


Altered lipid metabolism. Cigarette smoking aċutely 3 


increases plasma free fatty acids, and abnormalities 
in lipoprotein levels have been noted in chronic 


smokers. Plasma levels of low- and intermediate- . 
density lipoprotein cholesterol are lower,®* and plas- 
ma levels of high-density lipoprotein cholesterol are 


higher in nonsmokers than in smokers. Such altera- 
tions have been related independently to cardiovas- 


cular risk, although the mechanisms by which” 


altered lipoprotein levels contribute to atherogene- 
sis remain controversial. Clearly, dyslipidemia may 


contribute to smoking-induced vascular damage, 


although this is unlikely to be the whole story. 


Exposure of endothelial cells to nicotine in vitto 
causes damage, suggesting an additional, direct 


effect." 


‘From the Division of Clinical Pharmacology, Vanderbilt University Schogl 
of Medicine. 

Reprint requests: Garet A. FitzGerald, M.D., Division of Clinical Pharma- 
cology, Departments of Medicine'and Pharmacology, Vanderbilt Universi- 
- ty School of Medicine, Nashville, TN 37232, 


Table I. Hypotheses prompted by recent clinical trials in: 
hypertension 


That diuretics and beta-blockers are less effective in- 
reducing blood pressure in hypertensive patients who 
smoke 

. That adverse effects of diuretics and betasblockérs are , 
more frequent in hypertensive patients who smoke __ 

That cardioselective beta-blockers are equally efficacious in 
smoking and nonsmoking hypertensive subjects 


` That alterations in lipid metabolism produced by 


beta-blockers. and diuretics limit their efficacy in the 
hypertensive patient ` 

That drugs unassociated with hyperlipidemia (e.g., 
alpha-blockers and angiotensin-converting enzyme 

- inhibitors) would be more efficacious antihypertensives, 
particularly in the chronic smoker 





. Hemostatic activation. Several lines of videi 
suggest that hemostatic function may. be deranged 


"` in a proportion of chronic smokers in the absence- of 


clinically apparent vascular disease.>**! It is 
unclear whether alterations in hematocrit, plasma 
fibrinogen, or markers of platelet activation repre- 
sent a direct effect of a cigarette smoke constituent 
or result from smoking-induced vascular damage. In 
any event, thrombosis.is the pathologic endpoint of 
smoking-associated diseases, such as unstable angi- 
na and myocardial infarction. Furthermore, multi- 
variate analysis indicates that the smoking-related 
prospective risk of coronary heart disease can be 
explained largely i in a variably in plasma fibrino- 
gen3 

Sympathoadrenal “activation. . Smoking results in 
acute changes in blood catecholamine levels, which. 
result in short-term hemodynamic changes, for 
example, a rise in blood pressure.+* However, it is 
unclear whether smoking specifically predisposes to 
systemic hypertension. For example, in studies of 
apparently healthy persons, blood pressure tends to 
be lower in chronic smokers. Paradoxically, studies 


_ have reported a higher incidence of smokers among 


hypertensive populations compared with control 
subjects with normal blood pressure. At present, we 
frankly do not understand the explanation for these 


` findings. Consequently, the importance of smoking- 


induced autonomic dysfunction?” as a mechanism 
for systemic hypertension, such as for sudden death, 
remains copier al It seems likely that nicotine 


z8 
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accounts largely for the effects of smoking on both 
the sympathetic” and parasympathetic’ systems. 


HOW DO WE TREAT HYPERTENSIVE PATIENTS 
WHO SMOKE? 


The results of the Medical Research Council and 
International Prospective Primary Prevention Study . 


in Hypertension trials have been summarized else- 
where in this symposium; the Heart Attack Primary 
Prevention in Hypertensives trial has also been 
discussed.“ As a lapsed statistician, my instinct is 
to be suspicious of the results of posthoc analyses. 
However, it is difficult not to be intrigued by the 
possibility that smokers may differ from nonsmokers 
in the benefit that they are likely to derive from 
beta-blockers or diuretics. Clearly, these trials raise 
many questions (Table I). Perhaps they form the 
basis for justifying yet one more clinical trial in 
hypertension, this time focused on the smoker. 
Although National Research Councils may balk at 
the cost of such a trial, the efficiency of modern trial 
methodology" might be combined with the interest of 
pharmaceutical manufacturers to provide timely 
answers to the questions raised in Table I. 


_ THE RATIONAL APPROACH TO THE SMOKING 
HYPERTENSIVE PATIENT: STOP SMOKING 


= Clearly, the logical approach for the smoking 
hypertensive patient is to stop smoking.’* Despite 
the reservations of sociologists, I am in full sympa- 
thy with the campaign that is being developed to 
counter the advertising image of cigarette smoking 
as.a socially desirable attribute. I have the impres- 
sion that public reaction against smoking is more 
developed in the United States than in most coun- 
tries in Europe or in Japan. If this trend continues, it 
may be reflected in both the comparative frequency 
of smoking and the incidence of. cardiovascular 
disease in these countries. If so, the experience will 
have been a costly lesson to many governments. 
Perhaps this process of conviction could be short 


circuited, or at least simplified, by a well-controlled ° 
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prospective study into the effects of quitting ciga- 
rettes on the incidence of cardiovascular disease. 
Such a study would be enhanced by the incorpora- 
tion of newly defined biochemical markers of smok- 
ing-induced derangements in lipoprotein metabo- 
lism and hemostasis. 
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‘life-threatening ventric c lar arthythmias ; 


Like all other antiarrhythmics, tocainide has not been show O pl 
all other antiarrhythmics, it has potentially serious adverse effects including ine al O 
arrhythmias. Clinical and electrocardiographic evaluation should be used to periodically asse 
need for therapy. 


TONOCARD® (Tocainide HCI, MSD) is contraindicated in patients who are ee 
product or to local anesthetics of the amide type and in patients with second- or third= “degre 
ventricular block in the absence of an artificial ventricular pacemaker. ; 


Agranulocytosis, bone marrow depression; leukopenia, neutropenia, hypoplastic anemia, t 
bocytopenia, and sequelae such as septicemia and septic shock have been reported in patie! 
receiving TONOCARD. Most of these patients received the recommended dosage: Fatalities 

occurred (~25% mortality in agranulocytosis cases). Complete blood counts are recommen 
weekly intervals for the first three months of therapy and periodically thereafter Jee krese 
Information for details. 
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And in many 
well-compensated patients studied 


Cardiac function 
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TONOCARD, the oral analog of lidocaine, usually did not produce clinically 
significant hemodynamic changes: 


O In studies of post-MI patients, TONOCARD usually did not change blood 
pressure, heart rate, or LV contractility. 


O In catheterization studies, TONOCARD produced a small degree of 
LV function depression, but there were usually no changes in cardiac 
output or signs of increasing congestive heart failure. 


TONOCARD should be used cautiously in patients with known heart failure 
or minimal cardiac reserve, particularly if a beta blocker is given as well, 
because of the potential for aggravating the degree of heart failure. 


For life-threatening ventricular arrhythmias. 
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INDICATIONS AND USAGE 

TONOCARD is indicated for the treat- 
ment of life-threatening ventricular 
arrhythmias. 

TONOCARD is also indicated for the 
treatment of some patients with symp- 
tomatic ventricular arrhythmias. 

Because TONOCARD has the potential to 
produce serious hematologic disorders (0.18 
percent in clinical trials) particularly leuko- 
penia or agranulocytosis (sometimes fatal), 
the use of TONOCARD should be reserved for 
Patients in whom, in the opinion of the physi- 
cian, the benefits of treatment outweigh the 
risks. (See WARNINGS.) For less serious ar- 
thythmias alternative therapy with less severe 
toxicity, such as certain beta-blocking 
agents, should be considered. 

Like all other antiarrhythmics, tocainide has 
not been shown to prevent sudden death in 
patients with serious ventricular ectopic 
activity, and also, like all other 
antiarrhythmics, it has potentially serious 
adverse effects, including the ability to 
worsen arrhythmias. It is therefore essential 
that each patient given tocainide be 
evaluated electrocardiographically and 
clinically prior to, and during, tocainide 
therapy to determine whether the response to 
tocainide supports continued treatment 

CONTRAINDICATIONS 

Patients who are hypersensitive to this 
product or to local anesthetics of the 
amide type. 

Patients with second- or third-degree 
atrioventricular block in the absence of an 
artificial ventricular pacemaker. 

WARNINGS 


Blood Dyscrasias: Agranulocytosis, 
bone marrow depression, leukopenia, 
neutropenia, hypoplastic anemia, throm- 
bocytopenia and sequelae such as sep- 
ticemia and septic shock have been re- 
ported in patients receiving TONOCARD. 
Most of these patients received 
TONOCARD within the recommended 
dosage range. Fatalities have occurred 
(with approximately 25 percent mortality in 
reported agranulocytosis cases). Since 
most of these events have been noted 
during the first 12 weeks of therapy, it is 
recommended that complete blood 
counts, including white cell, differential 
and platelet counts be performed, op- 
timally, at weekly intervals for the first three 
months of therapy, and periodically there- 
after. Complete blood counts should be 
performed promptly if the patient de- 
velops any signsof infection (such as fever, 
Chills, sore throat, or stomatitis), bruising, 
or bleeding. If any of these hematologic 
disorders is identified, TONOCARD 
should be discontinued and appropriate 
treatment should be instituted if neces- 
sary. Blood counts usually return tonormal 
within one month of discontinuation. 
Caution should be used in patients with 
pre-existing marrow failure or cyto- 
penia of any type. (See ADVERSE 
REACTIONS.) 


Acceleration of Ventricular Rate: Accel- 
eration of ventricular rate occurs infre- 
quently when antiarrhythmics are admin- 
istered to patients with atrial flutter or 
fibrillation (see ADVERSE REACTIONS). 

PRECAUTIONS 
General 


Pulmonary Fibrosis: Pulmonary fibro- 
Sis, interstitial pneumonitis, fibrosing alveo- 
litis, pulmonary edema, and pneumonia, pos- 
sibly drug related, have been reported in 
patients receiving TONOCARD. Many of 
these events occurred in patients who were 
seriously ill. The experiences are usually char- 
acterized by bilateral infiltrates on x-ray and 
are frequently associated with dyspnea and 
cough. Fever may or may not be present. 
Patients should be instructed to promptly re- 
port the development of any pulmonary 
symptoms such as exertional dyspnea, 
cough, or wheezing. Chest x-rays are advis- 
able at that time. If these pulmonary disorders 
develop, TONOCARD should be discon- 
tinued. (See ADVERSE REACTIONS.) 

In patients with known heart failure or mini- 
mal cardiac reserve, TONOCARD should be 
used with caution because of the potential for 

ravating the degree of heart failure. 
ion should be used in the institution 
or continuation of antiarrhythmic therapy 
in the presence of signs of increasing 
depression of cardiac conductivity. 
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In patients 


j dney 
‘disease, o crag ANEO as 
be significantly decreased (see DOSAGE 


AND ADMINISTRATION). 

Since antiarrhythmic drugs may be inef- 
fective in patients with hypokalemia, the 
possibility of a potassium deficit should be 
explored and, if present, the deficit should 
be corrected. 

Like all other oral antiarrhythmics, 
TONOCARD has been reported to in- 
crease arrhythmias in some patients (see 
ADVERSE REACTIONS). 

Information for Patients 

Patients should be instructed to prompt- 
ly report the development of bruising or 
bleeding; any signs of infections such as 
fever, chills, sore throat, or soreness and 
ulcers in the mouth; any pulmonary symp- 
toms, such as exertional dyspnea, cough, 
or wheezing; rash. 

Laboratory Tests 

As with other antiarrhythmics, abnormal 
liver function tests, particularly in the early 
stages of therapy, have been reported 
Periodic monitoring of liver function should 
be considered. Hepatitis and jaundice 
have been reported in some patients. 
Drug Interactions 

Tocainide and lidocaine are pharmaco- 
dynamically similar. The concomitant use 
of these two agents may cause an 
increased incidence of adverse reactions, 
including central nervous system adverse 
reactions such as seizure. 

Specific interaction studies with cimeti- 
dine, digoxin, metoprolol, and warfarin have 
been conducted; no clinically significant in- 
teraction was seen with cimetidine, digoxin, 
or wartarin; but tocainide and metoprolol had 
additive effects on wedge pressure and car- 
diac index. TONOCARD has also been used 
in open studies with digitalis, beta-blocking 
agents, other antiarrhythmic agents, anti- 
coagulants, and diuretics without evi- 
dence of clinically significant interactions 
Nevertheless, caution should be exer- 
cised in the use of multiple drug therapy. 
Pregnancy 

Pregnancy Category C. In a teratogeni- 
city study in rabbits, tocainide was admin- 
istered orally at doses of 25, 50, and 100 
mg/kg/day (about 1 to 4 times the usual 
human dose). No evidence of a drug- 
related teratogenic effect was noted; 
however, these doses were maternotoxic 
and produced a dose-related increase in 
abortions and stillbirths. In a teratogenicity 
study in rats, an oral dose of 300 mg/ 
kg/day (about 12 times the usual human 
dose) showed no evidence of treatment- 
related fetal malformations, but materno- 
toxicity and an increase in fetal resorptions 
were noted. An oral dose of 30 mg/kg/day 
(about twice the usual human dose) did 
not produce any adverse effects. 

In reproduction studies in rats at mater- 
notoxic oral doses of 200 and 300 
mg/kg/day (about 8 and 12 times the usual 
human dose, respectively), dystocia, and 
delayed parturition occurred which was ac- 
companied by an increase in stillbirths and 
decreased survival in offspring during the 
first week postpartum. Growth and viability 
of surviving offspring were not affected for 
the remainder of the lactation period. 

There are no adequate and well- 
controlled studies in pregnant women 
TONOCARD should be used during preg- 
nancy only if the potential benefit justifies 
the potential risk to the fetus. 

Nursing Mothers 

It is not known whether tocainide is 
secreted in human milk. Because many 
drugs are secreted in human milk and 
because of the potential for serious 
adverse reactions in nursing infants from 
TONOCARD, a decision should be made 
whether to discontinue nursing or to dis- 
continue the drug, taking into account the 
importance of the drug to the mother. 
Pediatric Use 

Safety and effectiveness in children 
have not been established. 

ADVERSE REACTIONS 

TONOCARD commonly produces 
minor, transient nervous system and gas- 
trointestinal adverse reactions, but is other- 
wise generally well tolerated. TONOCARD 
has been evaluated in both short-term 
(n=1,358) and long-term (n=262) con- 
trolled studies as well as a compassionate 
use program. Dosages were lower in most 
of the controlled studies (1200 mg/day) 
and higher in the compassionate use pro- 
gram (1800 mg and more). In long-term 
(2-6 months) controlled studies, the most 
frequent adverse reactions were dizzi- 
ness/vertigo (15.3 percent), nausea (14.5 
percent), paresthesia (9.2 percent), and 
tremor (8.4 percent). These reactions were 
generally mild, transient, dose-related and 
reversible with a reduction in dosage, by 





discontinuati remor, when present, 
may be useful as a clinical indicator that 
the maximum dose is being approached. 
Adverse reactions leading to therapy 
discontinuation occurred in 21 percent of 
patients in long-term controlled trials and 
were usually related to the nervous system 
or digestive system. 

Adverse reactions occurring in greater 
than one percent of patients from the 
short-term and long-term controlled stud- 
ies appear in the following table: 








Percent of Patients 
Controlled Studies 
Short-term Long-term 
(n= 1,358) (n= 262) 


BODY AS A WHOLE 
Tiredness/drowsiness/ 

fatigue/lethargy/ 

lassitude/ 

sleepiness 16 0.8 
Hot/cold feelings 05 15 
CARDIOVASCULAR 
Hypotension 34 27 
Bradycardia 18 04 
Palpitations 18 04 
Chest pain 16 04 
Conduction 

disorders 15 0.0 
Left ventricular 

failure 14 0.0 
DIGESTIVE 
Nausea 15.2 145 
Vomiting 83 46 
Anorexia 12 19 
Diarrhea/loose 

stools 0.0 3.8 
NERVOUS SYSTEM/PSYCHIATRIC 
Dizziness/vertigo 8.0 15.3 
Paresthesia 3.5 9.2 
Tremor 29 84 
Confusion/ 

disorientation/ 

hallucinations 21 27 
Headache a 46 
Nervousness 15 04 
Altered mood/ 

awareness 15 34 
Incoordination/ 

unsteadiness/ 

walking 

disturbances 1.2 0.0 
Anxiety 1.1 15 
Ataxia 0.2 3.0 
SKIN 
Diaphoresis 51 23 
Rash/skin lesion 0.4 8.4 
SPECIAL SENSES 
Blurred vision/visual 

disturbances 13 15 
Tinnitus/ 

hearing loss 04 15 
Nystagmus 0.0 1.1 


An additional group of about 2,000 
patients has been treated in a program 
allowing for the use of TONOCARD under 
compassionate use circumstances. These 
patients were seriously ill with the large 
majority on multiple drug therapy, and 
comparatively high doses of TONOCARD 
were used. Fifty-four percent of the pa- 
tients continued in the program for one 
year or longer, and 12 percent were treated 
for longer than three years, with the longest 
duration of therapy being nine years. Ad- 
verse reactions leading to therapy discon- 
tinuation occurred in 12 percent of patients 
(usually central nervous system effects or 
rash). A tabulation of adverse reactions 
occurring in one percent or more of 
patients follows: 


Percent of Patients 


Compassionate Use 
(n= 1,927) 

CARDIOVASCULAR 
increased ventricular 

arrhythmias/PVCs 10.9 
CHF/progression of CHF 40 
Tachycardia 3.2 
Hypotension 1.8 
Conduction disorders 13 
Bradycardia 1.0 
DIGESTIVE 
Nausea 24.6 
Anorexia 11.3 
Vomiting 9.0 
Diarrhea/loose stools 68 
MUSCULOSKELETAL 
Arthritis/arthralgia 47 
Myalgia 17 
NERVOUS SYSTEM/PSYCHIATRIC 
Dizziness/vertigo 25.3 
Tremor 21.6 
Nervousness 11.5 
Contusion/ 

disorientation/ 

hallucinations 11.2 
Altered mood/ 

awareness 11.0 
Ataxia 10.8 
Paresthesia 92 





















SKIN 
Rash/skin lesion 12.2 
Diaphoresis 8.3 
Lupus 16 
SPECIAL SENSES 
Blurred vision/vision 
disturbances 10.0% 
Nystagmus 1.1 Ht 






Adverse reactions occurring in less than 
one percent of patients in either the con- 
trolled studies or the compassionate use 

program or since the drug was marketed 
are as follows: 

Body as a Whole: Septicemia; septic 
shock; syncope; vaso-vagal episodes; 
edema; fever; chills; cinchonism; asthenia, 
malaise. 

Cardiovascular: Ventricular fibrillation; — 
extension of acute myocardial infarction; 
cardiogenic shock; pulmonary embolism; 
angina; AV block; hypertension; claudi- 
cation; increased QRS duration; pleurisy/ 
pericarditis; prolonged QT interval; right — 
bundle branch block; cardiomegaly; sinus 
arrest; vasculitis; orthostatic hypotension; 
cold extremities. T 

Digestive: Hepatitis, jaundice (see PRE- — 
CAUTIONS), abnormal liver function tests; 
pancreatitis; abdominal pain/discomfort; ks 
constipation; dysphagia; gastrointestinal 
symptoms (including dyspepsia); stoma- 
titis; dry mouth; thirst. 

Hematologic: Agranulocytosis; bone _ 
marrow depression; hypoplastic anemia; 
hemolytic anemia; anemia; leukope- 
nia; neutropenia; thrombocytopenia; ip 
eosinophilia. a 

Metabolic and Immune: Hypersen- 
sitivity Reaction (including some of the fol- iA 
lowing symptoms or signs: rash, fever, joint 
pains, abnormal liver function tests, eosin- 
ophilia); increased ANA. 

Musculoskeletal: Muscle cramps; mus- 
cle twitching/spasm; neck pain; pain 
radiating from neck; pressure on shoulder. — 

Nervous System/Psychiatric: Coma: 
convulsions/seizures; myasthenia gravis; 
depression; psychosis; psychic distur 
bances; agitation; decreased mental 
acuity; dysarthria; impaired memory; 
increased stuttering/slurred speech; 
insomnia/sleeping disturbances; local 
anesthesia; dream abnormalities. 

Respiratory: Respiratory arrest; pulmo- ` 
nary edema; pulmonary fibrosis; fibrosing 
alveolitis; pneumonia; interstitial pneu- 
monitis; dyspnea; hiccough; yawning. 

Skin: Stevens-Johnson syndrome; exfolia- 
tive dermatitis; erythema multiforme; urticaria; 
alopecia; pruritus; pallor/flushed face. | 

Special Senses: Diplopia; earache; Ta 
taste perversion/smell perversion. À 

Urogenital: Urinary retention; polyuria/ 
increased diuresis. 

Agranulocytosis, bone marrow depres- 
sion, leukopenia, neutropenia, hypoplas- 
tic anemia, and thrombocytopenia have 
been reported (0.18 percent) in patients 
receiving TONOCARD in controlled trials 
and the compassionate use program. 
Most of these events have been noted dur 
ing the first 12 weeks of therapy. (See 
WARNINGS.) 4 

Pulmonary fibrosis, interstitial pneumo- 
nitis, fibrosing alveolitis, pulmonary 
edema, and pneumonia, possibly drug 
related, have been reported in patients J 
receiving TONOCARD. The incidence of ~ 
pulmonary fibrosis (including interstitial 
pneumonitis and fibrosing alveolitis) was 
0.11 percent in controlled trials and the 
compassionate use program. These 
events usually occurred in seriously ill 
patients. Symptoms of these pulmonary 
disorders and/or x-ray changes usually 
occurred following 3-18 weeks of therapy 
and two patients died. (See PRECAUTIONS.) 

A number of disorders, in which a causal _ 
relationship with TONOCARD has not 
been established, have been reported in 
seriously ill patients. These include: renal 
failure, renal dysfunction, myocardial 
infarction, cerebrovascular accidents, 
and transient ischemic attacks. These 
disorders may be related to the patient's 
underlying condition. 

HOW SUPPLIED 
Scored tablets containing 400 mg or 
600 mg in bottles of 100 and unit-dose 
packages of 100. 
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INDICATIONS: Hypertension —CAPOTEN (captopril) is indicated for the treat- 
ment of hypertension. Consideration should be given to the risk of neutropenia/ 
agranulocytosis (see WARNINGS). CAPOTEN may be used as initial therapy for 
patients with normal renal function, in whom the risk is relatively low. In patients 
with impaired renal function, particularly those with collagen vascular disease, 
captopril should be reserved for those who have either developed unacceptable side 
effects on other drugs, or have failed to respond satisfactorily to drug combinations. 
CAPOTEN is effective alone and in combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Heart Failure: CAPOTEN (captopril) is indicated in patients with heart failure who 
have not responded adequately to or cannot be controlled by conventional diuretic 
and digitalis therapy. CAPOTEN is to be used with diuretics and digitalis. 


WARNINGS: Neutropenia/Agranulocytosis — Neutropenia (<1000/mm?) with 
myeloid hypoplasia has resulted from use of captopril. About half of the neutropenic 
patients developed systemic or oral cavity infections or other features of the syndrome 
of agranulocytosis. The risk of neutropenia is dependent on the clinical status of 
the patient: 
In clinical trials in patients with hypertension who have normal renal function 
(serum creatinine <1.6 mg/dL and no collagen vascular disease), neutropenia has 
been seen in one patient out of over 8,600 exposed. In patients with some degree of 
renal failure (serum creatinine at least 1.6 mg/dL) but no collagen vascular disease, 
the risk in clinical trials was about 1 per 500. Doses were relatively high in these 
patients, particularly in view of their diminished renal function. In patients with 
collagen vascular diseases (e.g., systemic lupus erythematosus, scleroderma) and 
impaired renal function, neutropenia occurred in 3.7% of patients in clinical trials. 
While none of the over 750 patients in formal clinical trials of heart failure 
developed neutropenia, it has occurred during subsequent clinical experience. Of 
reported cases, about half had serum creatinine > 1.6 mg/dL and more than 75% 
received procainamide. In heart failure, it appears that the same risk factors for 
neutropenia are present. 


Neutropenia has appeared usually within 3 months after starting therapy, associated 
with myeloid hypoplasia and frequently accompanied by erythroid hypoplasia and 
decreased numbers of megakaryocytes (e.g., hypoplastic bone marrow and pancyto- 
penia); anemia and thrombocytopenia were sometimes seen. Neutrophils generally 
returned to normal in about 2 weeks after captopril was discontinued, and serious 
infections were limited to clinically complex patients. About 13% of the cases of 
neutropenia have ended fatally, but almost all fatalities were in patients with serious 
illness, having collagen vascular disease, renal failure, heart failure or immunosup- 
pressant therapy, or a combination of these complicating factors. 


Evaluation of the hypertensive or heart failure patient should always 
include assessment of renal function. If captopril is used in patients with 
impaired renal function, white blood cell and differential counts should be evaluated 
Prior to starting treatment and at approximately 2-week intervals for about 3 months, 
then periodically. In patients with collagen vascular disease or who are exposed to 
other drugs known to affect the white cells or immune response, particularly when 
there is impaired renal function, captopril should be used only after an assessment of 
benefit and risk, and then with caution. All patients treated with captopril should be 
told to report any signs of infection (e.g., sore throat, fever); if infection is suspected, 
perform counts without delay. Since discontinuation of captopril and other drugs has 
generally led to prompt return of the white count to normal, upon confirmation of 
neutropenia (neutrophil count <1000/mm?) withdraw captopril and closely follow 
the patient’s course. 


Proteinuria — Total urinary proteins >1 g/day were seen in about 0.7% of patients 
on captopril. About 90% of affected patients had evidence of prior renal disease or 
received high doses (>150 mg/day), or both. The nephrotic syndrome occurred in 
about one-fifth of proteinuric patients. In most cases, proteinuria subsided or cleared 
within 6 months whether or not captopril was continued. The BUN and creatinine 
were seldom altered in proteinuric patients. Since most cases of proteinuria occurred 
by the 8th month of therapy, patients with prior renal disease or those receiving 
captopril at doses >150 mg/day should have urinary protein estimates (dip-stick on 
Ist morning urine) before therapy, and periodically thereafter. 


Hypotension — Excessive hypotension was rarely seen in hypertensive patients but 
is a possibility in severely salt/volume-depleted persons such as those treated vigorously 
with diuretics (see PRECAUTIONS [Drug Interactions]). 

In heart failure, where blood pressure was either normal or low, transient decreases 
in mean blood pressure >20% were recorded in about half of the patients. This transient 
hypotension may occur after any of the first several doses and is usually well tolerated, 
although rarely it has been associated with arrhythmia or conduction defects. A 
starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
should be followed closely for the first 2 weeks of treatment and whenever the dose of 
captopril and/or diuretic is increased. 


BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN 
THESE PATIENTS, THERAPY SHOULD BE STARTED UNDER VERY 
CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: Impaired Renal Function, Hypertension—Some 
hypertensive patients with renal disease, particularly those with severe renal artery 
stenosis, have developed increases in BUN and serum creatinine. It may be necessary 
to reduce captopril dosage and/or discontinue diuretic. For some of these patients, 
normalization of blood pressure and maintenance of adequate renal perfusion may 
not be possible. Heart Failure— About 20% of patients develop stable elevations of 
BUN and serum creatinine >20% above normal or baseline upon long-term treat- 
ment. Less than 5% of patients, generally with severe preexisting renal disease, 
required discontinuation due to progressively increasing creatinine. See DOSAGE 
AND ADMINISTRATION, ADVERSE REACTIONS [Altered Laboratory Find- 
ings]. Valvular Stenosis—A theoretical concern, for risk of decreased coronary perfu- 
sion, has been noted regarding vasodilator treatment in patients with aortic stenosis 
due to decreased afterload reduction. 


Surgery/Anesthesia — If hypotension occurs during major surgery or anesthesia, and is 
considered due to the effects of captopril, it is correctable by volume expansion. 


Drug Interactions: Hypotension: Patients on Diuretic Therapy —Precipitous reduc- 
tion of blood pressure may occasionally occur within the Ist hour after administration 
of the initial captopril dose in patients on diuretics, especially those recently placed on 
diuretics, and those on severe dietary salt restriction or dialysis. This possibility can 
be minimized by either discontinuing the diuretic or increasing the salt intake about 
1 week prior to initiation of captopril therapy or by initiating therapy with small 
doses (6.25 or 12.5 mg). Alternatively, provide medical supervision for at least 1 hour 
after the initial dose. 


Agents Having Vasodilator Activity —In heart failure patients, vasodilators should 
be administered with caution. 

Agents Causing Renin Release —Captopril’s effect will be augmented by antihypertensive 
agents that cause renin release. 

Agents Affecting Sympathetic Activity—The sympathetic nervous system may be 
especially important in supporting blood pressure in patients receiving captopril 
alone or with diuretics. Beta-adrenergic blocking drugs add some further antihypertensive 
effect to captopril, but the overall response is less than additive. Therefore, use agents 
affecting sympathetic activity (e.g., ganglionic blocking agents or adrenergic neuron 
blocking agents) with caution. 

Agents Increasing Serum Potassium — Give potassium-sparing diuretics or potassium 
supplements only for documented hypokalemia, and then with caution, since they 
may lead to a significant increase of serum potassium. Use potassium-containing salt 
substitutes with caution. 

Inhibitors of Endogenous Prostaglandin Synthesis— Indomethacin and other nonsteroidal 
anti-inflammatory agents may reduce the antihypertensive effect of captopril, espe- 
cially in low renin hypertension. 

iboratory Test Interaction: Captopril may cause a false-positive urine 
test for acetone. 
Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies 
with doses of 50 to 1350 mg/kg/day in mice and rats failed to show any evidence of 
carcinogenic potential. Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C—There are no adequate and well-controlled studies in 
pregnant women. Embryocidal effects and craniofacial malformations were observed 
in rabbits. Therefore, captopril should be used during pregnancy, or for patients 
likely to become pregnant, only if the potential benefit outweighs the potential risk to 
the fetus. Captopril crosses the human placenta. 


Nursing Mothers: Captopril is secreted in human milk. Exercise caution when ad- 


ministering captopril to a nursing woman, and, in general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established 
although there is limited experience with use of captopril in children from 2 months 
to 15 years of age. Dosage, on a weight basis, was comparable to that used in adults. 
Captopril should be used in children only if other measures for controlling blood 
pressure have not been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involv- 
ing approximately 7000 patients. 

Renal— About 1 of 100 patients developed proteinuria (see WARNINGS). Renal in- 
sufficiency, renal failure, polyuria, oliguria, i 

Hematologic — Neutropenia/agranulocytosis have occurred (see WARNINGS). Ane- 
mia, thrombocytopenia, and pancytopenia have been reported. 

Dermatologic — Rash (usually maculopapular, rarely urticarial), often with pruritus 
and sometimes with fever and eosinophilia, in about 4 to 7 of 100 patients (depending 
on renal status and dose), usually during the Ist 4 weeks of therapy. Pruritus, without 
rash, in about 2 of 100 patients. A reversible associated pemphigoid-like lesion, and 
photosensitivity have also been reported. Angioedema of the face, mucous mem- 
branes of the mouth, or of the extremities in about 1 of 1000 patients — reversible on 
discontinuance of captopril therapy. One case of laryngeal edema reported. Flushing 
or pallor in 2 to 5 of 1000 patients. 


Cardiovascular — Hypotension may occur, see WARNINGS and PRECAUTIONS 
(Drug Interactions) for discussion of hypotension on initiation of captopril therapy. 
Tachycardia, chest pain, and palpitations each in about 1 of 100 patients. Angina 
pectoris, myocardial infarction, Raynaud’s syndrome, and congestive heart failure 
each in 2 to 3 of 1000 patients. 

Dysgeusia— About 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception; taste impairment is reversible and 
usually self-limited even with continued drug use (2 to 3 months). Gastric irritation, 
abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, 
cough, alopecia, and paresthesias reported in about 0.5 to 2% of patients but did not 
appear at increased frequency compared to placebo or other treatments used in 
controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients 
although no causal relationship has been established. Rarely cholestatic jaundice and 
hepatocellular injury with or without secondary cholestasis, have been reported. A 
transient elevation of BUN and serum creatinine may occur, especially in volume- 
depleted or renovascular hypertensive patients. In instances of rapid reduction of 
longstanding or severely elevated blood pressure, the glomerular filtration rate may 
decrease transiently, also resulting in transient rises in serum creatinine and BUN. 
Small increases in serum potassium concentration frequently occur, especially in 
patients with renal impairment (see PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion 
with an I.V. infusion of normal saline is the treatment of choice for restoration of 
blood pressure. Captopril may be removed from the general circulation by hemodialysis. 
DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken 
one hour before meals. In hypertension, CAPOTEN may be dosed bid or tid. Dosage 
must be individualized; see DOSAGE AND ADMINISTRATION section of pack- 
age insert for detailed information regarding dosage in hypertension and in heart 
failure. Because CAPOTEN (captopril) is excreted primarily by the kidneys, dosage 
adjustments are recommended for patients with impaired renal function. 

Consult package insert before prescribing CAPOTEN (captopril). 

HOW SUPPLIED: Available in tablets of 12.5, 25, 50, and 100 mg in bottles of 100 
(25 mg and 50 mg also available in bottles of 1000), and in UNIMATIC® unit-dose 
packs of 100 tablets. (J3-658H) 


Reference: 1. Cannon PJ, Criley JM, Dzau VJ, et al: A placebo- controlled trial of captopril in 
refractory chronic congestive heart failure. J Am Col Cardiol 2:755-763, 1983. 


INNOVATORS IN CARDIOVASCULAR MEDICINE 


SQUIBB 


© 1987 E.R. Squibb & Sons, Inc., Princeton, NJ 527-513 Issued: October 1987 


and urinary frequency in 1 to 2 of 1000 patients. 


GIVE THE 


A Lali OF MORE ACTIVE 
Neti JIVING 


FAILURE », CAPOTEN enhances patients’ quality of life 


CI CAPOTEN relieves major LI Use CAPOTEN when 
heart failure symptoms, improves symptoms persist despite digitalis 
functional capacity.’ and diuretic therapy. 


ACE INHIBITOR 


(APOIEN irure: 


(captopril tablets) 


YOUR FIRST CHOICE 
AFTER DIGITALIS AND DIURETICS 


ce ‘immune response. 
ts should always include assessment of 
INS, Wi S, ad ADVERSE REACTIONS 
in the brief summary on the ad ma 





MOSBY 





American Heart Journal 
Copyright © 1988 by The C. V. Mosby Company 


Contents February 1988, Velime 115 Nambe? 





Clinical investigations 


Progression of coronary artery disease after percutaneous transluminal 
coronary angioplasty 297 

Ming H. Hwang, M.D., Pramodh Sihdu, M.D., Ivan Pacold, M.D., 

Sarah Johnson, M.D., Patrick J. Scanlon, M.D., and Henry S. Loeb, M.D. 

Hines and Maywood, Ill. 


Improved regional and global diastolic performance in patients with 
coronary artery disease after percutaneous transluminal coronary 
angioplasty 302 

Kyoichi Mizuno, M.D., Ko Arakawa, M.D., Toshio Shibuya, M.D., 

Kenji Horiuchi, M.D., Hirosuke Matui, M.D., Bonpei Takase, M.D., 


Kazushige Isojima, M.D., Akira Kurita, M.D., and 
Haruo Nakamura, M.D. Saitama, Japan 


Assessment of myocardial oxidative stress in patients after myocardial 
revascularization 307 


Ricardo Ferreira, M.D., Susana Llesuy, Ph.D., Jose Milei, M.D., 
Domingo Scordo, M.D., Hector Hourquebie, M.D., Luis Molteni, M.D., 
Carlos de Palma, M.D., and Alberto Boveris, Ph.D. Buenos Aires, Argentina 


Fiberoptic study on the effects of transluminal angioplasty in 
experimental occlusive arterial thrombosis 312 
Takanobu Tomaru, Yasumi Uchida, and Tsuneaki Sugimoto. Tokyo, Japan 


Balloon pulmonary valvotomy: Palliation for cyanotic heart disease 318 


Mark M. Boucek, M.D., Holly E. Webster, M.S.N., Garth S. Orsmond, M.D., and 
Herbert D. Ruttenberg, M.D. Salt Lake City, Utah 


continued on page 7A 


Caen SSS 


February 1988 


Vol. 115, No. 2, February 1988. The American Heart Journal (ISSN 0002-8703) is published monthly by 
The C. V. Mosby Company, 11830 Westline Industrial Drive, St. Louis, MO 63146. POSTMASTER: 
Send address changes to The C. V. Mosby Company, 11830 Westline Industrial Drive, St. Louis, MO 
63146. 


International (airmail) * 








1988 Annual International 

subscription (surface mail) Canada & 

rates U.S.A. All regions Mexico Region 1 Region 2 Region 3 
Institutions} $106.50 $126.25 $147.05 $154.40 $181.85 $209.35 
Individuals $ 54.00 $ 73.75 $ 94.55 $101.90 $129.35 $156.85 
Students, residentst $ 33.00 $ 52.75 $ 73.55 $ 80.90 $108.35 $135.85 





Single copies are $6.00. Remittances should be made by check, draft, post office or express money order, 
in U.S. funds drawn through a U.S. bank, payable to this Journal. Claims for missing issues will be 
serviced only within six months of cover date. Single copy price will be charged on missing issues older 
than six months from cover date. 

*Airmail breakdown—Domestic: First-class and Priority rates for the U.S. and possessions are available 
upon request. Region 1: Central America, islands, and mainland colonies of European countries in The 
Americas. Region 2: South America, Europe, Egypt, Africa (bordering the Mediterranean). Region 3: 
Asia, Australasia, Africa (other than Mediterranean), Middle East, Far East, The Pacific, U.S.S.R. (and 
constituent Republics). 

tInstitutional (multiple-reader) subscriptions are available to public and private libraries, schools, 
hospitals, and clinics; city, county, state, provincial and national government bureaus and departments; 
and all commercial and private institutions and organizations. 

{Individual subscriptions and all student-rate subscriptions must be in the names of, billed to, and paid 
by individuals. All student-rate requests must indicate training status and name of institution. 
Subscriptions may begin at any time. 

Second class postage paid at St. Louis, Mo. and additional mailing offices. 


Printed in the U.S.A. Copyright © 1988 by The C. V. Mosby Company. 





page 5A 


ci 


2-cath” The Problem Solver 


The Cath Lab Recording 
System Designed to 
Make Data Collection 
and Analysis Easier, 
More Accurate, and 

Less Costly 


Before designing Q-cath, we asked 
cardiologists and cath lab technicians 
what features were most important. 
What the current systems lacked. 
We conducted surveys, focus panels, 
and in-depth interviews with 
experts. We listened. And then we 
created Q-cath—the computerized 
cath lab recording system. 


We tackled the tough problems: 

© PROBLEM: Poor signal quality 
and waveform drift prevent quick 
and accurate data analysis. 
SOLUTION: A new approach to 
signal conditioning minimizes 
baseline drift, improves overall 
signal fidelity, and simplifies 
transducer calibration. 

© PROBLEM: Bulky signal 


conditioning equipment that is 
difficult to set up and adjust. 
SOLUTION: A single, compact 
signal conditioning system with 
all monitoring and controls 
centrally located on the main 
console—making setup and 
balancing of channels quick and 
easy. 

@ PROBLEM: Chart recorders are 
bulky, inconvenient to use, and 
chart paper is expensive. 
SOLUTION: A compact, high- 
resolution chart recorder that 
prints both waveform graphics 
and text. Non-fade thermal paper 
provides cost savings of up to 
80% over expensive silver paper. 

èe PROBLEM: Limited report 
formatting and generation 
capability. 

SOLUTION: A simple formatting 
procedure for customizing final 
reports so they contain only the 
information you want. 


Those are a few examples. There’s a 
lot more to Q-cath such as— 
inventory control and lab 





management systems, software for 


customizing your programs, 
angiography and angioplasty 
reporting systems, and the optional 
remote analysis work station and 
ventriculography analysis system. 


But we can’t tell you the whole 
story in one ad. So call us for 
more information: 


Quinton Instrument Company 

2121 Terry Avenue; Seattle, WA 98121-2791 

Telex 3794094 QUINTON SEA 

USA and Canada call toll free: 
Domestic Sales 800/426-0347 
Canadian Sales 800/633-2888 

Washington, Alaska, Latin America and 

Caribbean Operations: Telephone: 206/223-7373 

Europe, Middle East, Africa, India 

and Pakistan Operations: 

Lode BV. Groningen, The Netherlands 

Telephone: 050-182018, Telex: 77197 LODE NL 

Asian-Pacific Operations: Hong Kong Office 

Telephone: (5) 762789, Telex: 780 89189 AHRIC HX 


Quinton 


An AHOBINS Company 


February 1988 


Contents continued 


Value of fluoroscopy in the detection of coronary stenosis: Influence 
of age, sex, and number of vessels calcified on diagnostic efficacy 323 


Barry F. Uretsky, M.D., Robert D. Rifkin, M.D., Satish C. Sharma, M.D., and 
P. Sudhakar Reddy, M.D. Pittsburgh, Pa., Boston, Mass., and Providence, R. I. 


Paradoxical increase of ventricular fibrillation threshold in response 
to coronary sinus obstruction 334 


Alexandros C. Kralios, M.D., Ph.D., Jean M. Nappi, Pharm.D., 
Theofilos J. Tsagaris, M.D., Fany A. Kralios, M.D., and Hiroshi Kuida, M.D. 
Salt Lake City, Utah 


Prophylaxis of post-myocardial infarction dysrhythmias by long-term 
timolol therapy 340 


Narasimhan Ranganathan, M.B.B.S., Pentti M. Rautaharju, M.D., 

George G. Jablonsky, M.D., Pierre Larochelle, M.D., Jose F. Lopez, M.D., 

M. F. Matangi, M.B., Andrew L. Morris, M.D., Claude C. Nadeau, M.D., and 

Vahe Sivaciyan, M.D. Toronto and London, Ontario; Halifax, Nova Scotia; Montreal 
and Quebec, Quebec; Saskatoon and Regina, Saskatchewan; and 

Winnipeg, Manitoba, Canada 


Electrophysiologic effects of desethylamiodarone, an active metabolite 
of amiodarone: Comparison with amiodarone during chronic 
administration in rabbits 351 


Rinya Kato, M.D., Nagammal Venkatesh, M.D., Kaichiro Kamiya, M.D., 
Steven Yabek, M.D., Ramaswamy Kannan, Ph.D., and 
Bramah N. Singh, M.D., D.Phil. Los Angeles, Calif. 


Long-term efficacy of mexiletine alone and in combination with class 
Ia antiarrhythmic drugs for refractory ventricular arrhythmias 360 


Eric G. Whitford, M.B., F.R.A.C.P., Brian McGovern, M.D., 
Mark H. Schoenfeld, M.D., Hasan Garan, M.D., John B. Newell, B.A., 
Mary McElroy, and Jeremy N. Ruskin, M.D. Boston, Mass. 


Electrophysiologic effects of intravenous magnesium in patients with 
normal conduction systems and no clinical evidence of significant 
cardiac disease 367 


Daniel L. Kulick, M.D., Robert Hong, M.D., Elisabeth Ryzen, M.D., 
Robert K. Rude, M.D., J. Nathan Rubin, M.D., Uri Elkayam, M.D., 
Shahbudin H. Rahimtoola, M.B., F.R.C.P., and Anil K. Bhandari, M.D. 
Los Angeles, Calif. 


Cardiomyopathy with arrhythmias and ectodermal dysplasia: A 
previously unreported association 373 


William W. Hammill, B.S., Derek A. Fyfe, M.D., Ph.D., Paul C. Gillette, M.D., 
Ashby Taylor, M.D., Richard L. Dobson, M.D., and Robert P. Thompson, Ph.D. 
Charleston, S.C. 


Intravenous fenoldopam in heart failure: Comparing the hemodynamic 
effects of dopamine, receptor agonism with nitroprusside 378 


James B. Young, M.D., Carlos A. Leon, M.D., Craig M. Pratt, M.D., 
Connie Kingry, R.N., Addison A. Taylor, M.D., and Robert Roberts, M.D. 
Houston, Texas 


Localized septal hypertrophy: Part of the spectrum of hypertrophic 
cardiomyopathy or an incidental echocardiographic finding? 385 


Israel Belenkie, M.D., Rosalind P. R. MacDonald, B.Sc., and Eldon R. Smith, M.D. 
Calgary, Alberta, Canada 


continued on page 9A 


page 7A 


FULL DISCLOSURE STRESS TEST 


Never miss a beat with Eaton Medical Group 


ew—Full Disclosure Stress Tests™ are finally here! You can save time 
and have better documentation because Full Disclosure remembers 


every EKG beat of the entire test. 
Fully automatic operation allows you to devote your complete atten- Hee 7 
ion to your patient—not your equipment. Should an unexpected 


arrhythmia appear—relax. With your Eaton Medical Group G-7000, It does everything 
you'll never miss a beat! you want a 
Call us now for complete details. stress test system 
aton Medical Group: F to do. 
{i ROP 
t 






‘our Benefits: 


Reimbursement on only 
four tests per month can 
easily cover equipment 
costs. 

Full Disclosure provides 
essential documentation 
for disability, workers’ 
comp, or other insur- 
ance needs. 

Advanced features 
provide a truly safe 
investment that gen- 
erates revenue. 

Save time: your tests 
are quicker and 

easier to run. 

m Perfect for executive 
health appraisals, 
thallium studies, 
employee fitness 
evaluations, and 
many other market- 
able services. 

m Prestige—owning 
and operating the 
very finest helps 
both you and your 
practice. 


EATON MEDICAL GROUP 
The Stress Test Professionals 
254 S. Wagner Road 

Ann Arbor, Michigan 48106-1991 
Telex: 350483 (EATON MED UD) 


1-800-BEST-EKG 
1-313-996-8888 





= EATON MEDICAL GROUP 


Curriculum in cardiology 


Progress in cardiology 


Brief communications 


February 1988 


iid 


Contents continued 


Pulsus paradoxus: Definition and relation to the severity of cardiac 
tamponade 391 


Edward I. Curtiss, M.D., P. Sudhakar Reddy, M.D., Barry F. Uretsky, M.D., and 
Alfred A. Cecchetti, B.S. Pittsburgh, Pa. 


Echocardiographic imaging of the left ventricle by peripheral 
intravenous injection of echo contrast agent 399 


Klaus Berwing, M.D., and Martin Schlepper, M.D., F.C.C.P. Bad Nauheim, Federal 
Republic of Germany 


Early partial systolic closure of the pulmonic valve relates to severity 
of pulmonary hypertension 409 


Darya Turkevich, M.D., Bertron M. Groves, M.D., Alexander Micco, 
John A. Trapp, Ph.D., and John T. Reeves, M.D. Denver, Colo. 


Doppler evaluation of bioprosthetic and mechanical aortic valves: 
Data from four models in 107 stable, ambulatory patients 418 


Martha L. Ramirez, M.D., Maylene Wong, M.D., Nancy Sadler, R.N., and 
Pravin M. Shah, M.D. Los Angeles, Calif. 


Reproducibility of quantitative two-dimensional echocardiography 425 


Ronald B. Himelman, M.D., Mark M. Cassidy, M.D., Joel S. Landzberg, M.D., and 
Nelson B. Schiller, M.D. San Francisco, Calif. 


Dipyridamole cardiac imaging 432 
Abdulmassih S. Iskandrian, M.D., Jaekyeong Heo, M.D., Alan Askenase, M.D., 
Bernard L. Segal, M.D., and Natalie Auerbach, R.N. Philadelaphia, Pa. 


Intermediate-term results of the endocardial surgical approach for 
anomalous atrioventricular bypass tracts 444 


J. K. Kirklin, M.D., D. C. McGiffin, M.D., V. J. Plumb, M.D., A. E. Epstein, M.D., 
and G. N. Kay, M.D. Birmingham, Ala. 


Critical analysis of cineangiographic criteria for diagnosis of 
arrhythmogenic right ventricular dysplasia 448 


Claude Daubert, M.D., Christian Descaves, M.D., Jean-Luc Foulgoc, M.D., 
Claude Bourdonnec, M.D. Marcel Laurent, M.D., and Jacques Gouffault, M.D. 
Rennes, France 


Evaluation of balloon aortic valvuloplasty with transesophageal 
echocardiography 460 

Stephen E. Cyran, M.D., Thomas R. Kimball, M.D., David C. Schwartz, M.D., 
Richard A. Meyer, M.D., R. Dennis Steed, M.D., and Samuel Kaplan, M.D. 
Cincinnati, Ohio 


Problems encountered with catheter balloon valvuloplasty of 
bioprosthetic aortic valves 463 


Charles R. McKay, M.D., Bruce F. Waller, M.D., Robert Hong, M.D., 
Nathan Rubin, M.D., Cheryl L. Reid, M.D., and 

Shahbudin H. Rahimtoola, M.B., F.R.C.P. Los Angeles, Calif., 

and Indianapolis, Ind. 


Coronary angioplasty of septal perforator 466 
Atul Trivedi, M.D., Gerardo Voci, M.D., and Vidya S. Banka, M.D. Philadelphia, Pa. 


Visualization of an anomalous left main coronary artery with 
two-dimensional echocardiography 468 


Jonathan F. Plehn, M.D., Neal Ruggie, M.D., Philip R. Liebson, M.D., and 
Joseph V. Messer, M.D. Chicago, Ill., and Boston, Mass. 


continued on page 10A 


page 9A 


Contents continued 


Anomalous origin of the right coronary artery from the left sinus of 
Valsalva: Echocardiographic-angiographic correlations 470 


Kenneth M. Kessler, M.D., Theodore Feldman, M.D., Linda Harding, 
Andres R. Palomo, M.D., Richard G. Trohman, M.D., Eduardo DeMarchena, M.D., 
and Robert M. Rothbart, M.D. Miami, Fla. 


Extracardiac causes of paradoxical motion of the left ventricular 
wall 473 
Ivan A. D’Cruz, M.D., F.R.C.P., and Daniel Kleinman, M.D. Augusta, Ga. 


Diastolic collapse of the left and right ventricles in cardiac 
tamponade 475 
Steven A. Conrad, M.D., Ph.D., and Timothy J. Byrnes, M.D. Shreveport, La. 


Pacemaker syndrome due to retrograde conduction in a DDI 
pacemaker 478 
Thomas M. Cunningham, M.D. San Francisco, Calif. 


The contribution of color Doppler flow imaging to the assessment 
of a left ventricular thrombus 479 


Seymour S. Maze, M.B., Ch.B., Morris N. Kotler, M.D., and 
Wayne R. Parry Philadelphia, Pa. 


Right atrial angiosarcoma diagnosed by cardiac biopsy 482 


Kyo Adachi, M.D., Hiroyuki Tanaka, M.D., Hironori Toshima, M.D., and 
Minoru Morimatsu, M.D. Kurume, Japan 


Giant cell myocarditis: An autoimmune disease? 485 


Philippe Humbert, M.D., Rene Faivre, M.D., Dominique Fellman, M.D., 
Jean P. Bassand, M.D., and Jean L. Dupond, M.D. Besançon, France 


Cushing’s syndrome presenting as sudden death 487 
Brooke D. Scott, M.D., and Karen J. Friday, M.D. Oklahoma City, Okla. 


Editorials Rheologic genesis of aortic coarctation in a canine model 489 


Thomas J. Langdon, M.D., Lawrence E. Boerboom, Ph.D., Gordon N. Olinger, M.D., 
E. Rene Rodriguez, M.D., and Victor J. Ferrans, M.D., Ph.D. Milwaukee, Wisc., and 
Bethesda, Md. 


Sucrose, coronary heart disease, diabetes, and obesity: Do hormones 
provide a link? 493 
John Yudkin, M.A., M.D., Ph.D., F.R.C.P. London, England 


(Information for authors on pages 15A and 16A) 


Authorization to photocopy items for internal or personal use, or the internal or personal use of specific clients, is granted by The 
C. V. Mosby Company for libraries and other users registered with the Copyright Clearance Center (CCC) Transactional Reporting 
Service, provided that 10¢ per page per copy is paid directly to CCC, 29 Congress St., Salem, MA 01970; phone (617)744-3350. The 


U.S. Government retains a nonexclusive, royalty-free license in and to any copyright on articles authored by government 
employees. 0002-8703/88 $00.00 + .10. 





page 10A February 1988 


American Heart Journal 


Founded in 1925 


February 1988 Volume 115, Number 2 





Editor in Chief: DEAN T. MASON, M.D. San Francisco, Calif. 


Managing Editor: 


Senior Manuscript Editor: 


LESLIE J. FLATT San Francisco, Calif. 
PETER MALIK St. Louis, Mo. 





EDITORIAL BOARD 


Hugh D. Allen, M.D., Tucson 

W. Gerald Austen, M.D., Boston 

Najam A. Awan, M.D., Sacramento 

Tali T. Bashour, M.D., San Francisco 
Stanley Beder, M.D., Cleveland 

Daniel S. Berman, M.D., Los Angeles 

J. Thomas Bigger, M.D., New York 
William J. Bommer, M.D., Davis 
Lawrence I. Bonchek, M.D., Lancaster 
Lawrence S. Cohen, M.D., New Haven 
Lawrence H. Cohn, M.D., Boston 

John J. Collins, Jr., M.D., Boston 

C. Richard Conti, M.D., Gainesville 
Anthony N. DeMaria, M.D., Lexington 
Mary Allen Engle, M.D., New York 
Harvey Feigenbaum, M.D., Indianapolis 
Victor F. Froelicher, M.D., Long Beach 
Paul C. Gillette, M.D., Charleston 

John F. Goodwin, M.D., London 
Antonio M. Gotto, Jr., M.D., Houston 
Richard J. Gray, M.D., Los Angeles 
Rolf M. Gunnar, M.D., Maywood 

W. Proctor Harvey, M.D., Washington, D.C. 
Richard H. Helfant, M.D., Philadelphia 
Walter L. Henry, M.D., Irvine 

J. O’Neal Humphries, M.D., Columbia 
J. Willis Hurst, M.D., Atlanta 
Abdulmassih S. Iskandrian, M.D., Philadelphia 
Mark E. Josephson, M.D., Philadelphia 


William B. Kannel, M.D., Framingham 
Norman M. Kaplan, M.D., Dallas 
Samuel Kaplan, M.D., Cincinnati 
Joseph A. Kisslo, M.D., Durham 

Atul R. Laddu, M.D., McGaw Park 
Garrett Lee, M.D., San Francisco 
Michael Lesch, M.D., Chicago 

Robert I. Levy, M.D., New York 

Floyd D. Loop, M.D., Cleveland 
Reginald I. Low, M.D., Sacramento 
Dan G. McNamara, M.D., Houston 
Richard R. Miller, M.D., Santa Rosa 
Robert A. O’Rourke, M.D., San Antonio 
Joseph K. Perloff, M.D., Los Angeles 
Bertram Pitt, M.D., Ann Arbor 

Charles E. Rackley, M.D., Washington, D.C. 
Robert L. Reis, M.D., Miami 

Thomas A. Riemenschneider, M.D., Cleveland 
William C. Roberts, M.D., Bethesda 
David J. Sahn, M.D., San Diego 

Robert C. Schlant, M.D., Atlanta 
Pravin M. Shah, M.D., Los Angeles 
Bramah N. Singh, M.D., Los Angeles 
Walter Sommerville, M.D., London 
James T. Willerson, M.D., Dallas 

David O. Williams, M.D., Providence 
Roger A. Winkle, M.D., Stanford 
Robert F. Zelis, M.D., Hershey 

Douglas P. Zipes, M.D., Indianapolis 


Editorial Office 


Western Heart Institute 
St. Mary’s Hospital & Medical Center 
450 Stanyan St. 
San Francisco, California 94117 
(415) 750-5507 


February 1988 


page 11A 


For the Varied Faces of Angina 


AN IMPROVED 
QUALITY OF LIFE 





(NIFEDIPINE) °°"? 


PROCARDIA® (nifedipine) means your mixed 
angina patients will have significant reduction in 
angina attacks and nitroglycerin consumption! 
And they can be more active—both working and 
at leisure. 


feeling better...doing more 


Please see PROCARDIA® (nifedipine) brief summary on next page 





Brief 

PROCARDIA® {nite ine, eee For Oral Use 
INDICATIONS 1 Angina: PROCARDIA (nifedipine) is indicated for the manage- 
ment of vasospastic angina confirmed by any of the following criteria: 1) classical pattern of angina at rest ac- 


companied by ST segment elevation, 2) angina or coronary artery spasm provoked by ergonovine, or 3) 
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sponses have usually occurred during initial titration or at the time of subsequent upward dosage adjustment, 
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Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving 
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dose fentanyl anesthesia. The interaction with high dose fentanyl appears to be due to the combination of 
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increased Angina and/or Myocardial infarction: Rarely, patients, particularly those who have severe ob- 
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Heart Failure: Rarely, patients, usually receiving a beta blocker, have developed heart failure after 
p ate tegming PROCARDIA P Eaa with tight aortic stenosis may be at greater risk tor such an event. 
l: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, 
eos monitoring on blood pressure during the initial administration and titration of PROCARDIA is suggested 


® Close observation is Aue for patients already taking medications that are known to lower 
blood pressure. (See WARNINGS. 

ipheral edema: Mild to moderate periphera! edema, typically associated with arterial vasodilation and 
not due to left ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema 
occurs primarily in the lower extremities and usually responds to diuretic therapy. With patients whose angina 
is complicated by congestive heart failure, care should be taken to differentiate this peripheral edema from the 

effects of increasing left ventricular dysfunction. 

Laboratory it 


tests: Rare, patent but occasionally significant elevations of enzymes such as alka- 


line phosphatase, CPK, LDH, SGOT and SGPT have been noted. The relationship to PROCARDIA therapy is un- 

Cap. sules 10 mg and 20 mg certain in most cases, but probable in some. These laboratory abnormalities have rarely been associated with 
clinical symptoms, however, cholestasis with or without jaundice has been reported. Rare instances of allergic 
hepatitis have been reported 


Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet ag- 
gregation and increase in bleeding time in some PROCARDIA (nifedipine) patients. No clinical significance for 


Effective dosa ge ra n ge these findings has been demonstrated. Positive direct Coombs test with/without hemolytic anemia has been... 
te reported 


Although PROCARDIA has been used safely in patients with renal dysfunction and has been reported to exert 


. a beneficial effect in certain cases, rare, reversible elevations in BUN and serum creatinine have been reported 
IS 30- Í 20 m. a in patients with pre-existing chronic renal insufficiency. The relationship to PROCARDIA therapy is uncertain in 
most cases but probable in some. 


Drug interactions: Beta-adrenergic blocking agents: (See INDICATIONS AND WARNINGS.) Experience in 





s á R . over 1400 patients in a non-comparative clinical trial has shown that concomitant administration of PROCARDIA 
For most patients, start wit h 10 mg Łi.d., and titrate over 7 to 14 days, ani beta-blocking agents is usually well tolerated. böl there have been occesloual Neerahure reports suggesting 
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pk rape to evaluate ne cry con eoira of this pornon f ee A 
j É j j igitalis: Administration ol with digoxin increased digoxin levels in nine of twelve normal vol- 
may be more rapid (e 8- 3 days) if symptoms warrant and the patient unteers. The average increase was 45%. Another investigator found no increase in digoxin levels in thirteen 
IS observed closely. patients with coronary artery disease. In an uncontrolled study of over two hundred patients with congestive 

heart failure during which digoxin blood levels were not measured, digitalis toxicity was not observed. Since 


: : there have been isolated reports of patients with elevated digoxin levels, it is recommended that digoxin levels 
Because PROCARDIA decreases peripheral vascular resistance be monitored when initiating, adicsting, and discontinuing PROCARDIA to avoid possible avers orianers 
i i i R digitalization 
(occasional pat lents have had excessive hypotens ion ), ca reful Couar miopie Tee ee se routs of mir prothrombin time in patients taking cou- 
j i j initi ini j marin anticoagulants to whom was administered. 
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F A ipine at 40 mg per day. Ranitidine produced smaller, non-significant increases. lf nifedipine therapy is initiated 
other drugs known to lower blood pressure Occasional patients have in a patient currently receiving cimetidine, cautious titration is advised 


. ` . . Carcinogenesis, muta sis, impairment of fertility: Nifedipine was administered orally to rats for 
developed increased frequency, duration or severity of angina on two years and was nol shown to be carcinogenic. When cherie gro eal nifedipine caused reduced 
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Although coronary artery atherosclerosis is the 
predominant cause of myocardial ischemia, two addi- 
tional mechanisms can be responsible for significant 
ischemic syndromes: coronary vasospasm and myo- 
cardial bridging. The management of these alterna- 
tive ischemia-provoking mechanisms differs from that 
of more common “fixed” coronary artery obstructive 
disease in several regards; indeed, some drugs that 
are effective in the latter may worsen the symptoms in 
these “dynamic” coronary obstructive syndromes. 
Similarly, drugs that are effective in one type of 
“dynamic” coronary stenosis may be ineffective or 
may actually worsen the other type because patho- 
genetic mechanisms differ. It is important to note also 
that two or more causes of myocardial ischemia may 
coexist and that therapy aimed at one condition may 
worsen the other(s). 


Coronary vasospasm (Prinzmetal’s variant angina) 
should be suspected when anginal episodes occur 
almost exclusively at rest; it can be confirmed by 
demonstrating ST segment elevation during sponta- 
neous, self-limited episodes of chest pain. Although 
pain during exercise is uncommon in patients with 
Prinzmetal’s variant angina, pain during recovery 
from exercise may suggest vasospasm. Significant 
morbidity—including life-threatening arrhythmias (ven- 
tricular tachycardia, ventricular fibrillation, and atrio- 
ventricular block), myocardial infarction, and sudden 
death—can occur during episodes of variant angina. 
Coronary arteriography is frequently of value in cases 
of suspected variant angina to rule out or to define the 
extent of concomitant coronary obstructive disease. 
In some instances, pharmacological provocation of 
coronary vasospasm with ergonovine maleate may 
be useful during coronary arteriography to confirm 
that vasospasm reproduces the symptoms and ECG 
changes and to demonstrate the extent and distribu- 
tion of the region(s) of coronary vasospasm. 


Therapy of Prinzmetal’s variant angina attempts to 
dilate or alternatively to prevent narrowing of the 
epicardial coronary arteries by use of coronary vaso- 
dilators (nitrates and calcium channel blockers) and 
by avoidance of potential spasm-provoking influences 
(smoking and unopposed alpha adrenergic tone ~“ 
induced by beta blockers). 


Myocardial bridging occurs when a coronary artery 
courses intramyocardially for some distance (gen- 
erally 1 cm to 3 cm) before returning to the epicardial 
surface. This anomaly—found in 1% to 5% of patients 
undergoing coronary angiography—is suspected when 
an epicardial coronary artery narrows during systole. 
It is more common in patients who have left ventricular 
pressure overload or in whom the ventricle is hyper- 
kinetic (aortic stenosis, systemic hypertension, and 
hypertrophic cardiomyopathy). This systolic narrow- 
ing is generally not thought to be responsible for 
myocardial ischemia because 75% to 95% of coronary, 
blood flow occurs during diastole, when these arter 
ies resume their normal caliber. Recent data suggest, 
however, that severe narrowing due to myocardial 
bridging may play a role in the production of angina 
pectoris, myocardial infarction, and sudden death. 
The degree of systolic narrowing is increased by 
vasodilators or by agents that increase contractility 

of the left ventricle. 


Chest pain associated with myocardial bridging may 
be unrelated to exertion. Because there may or may 
not be ST segment depression demonstrated on exer- 
cise, there is overlap with the clinical manifestations 
of Prinzmetal’s variant angina and coronary athero- 
sclerosis. Radionuclide ventriculography and thallium 
scintigraphy variably show exercise-induced abnor 
malities of wall motion or myocardial perfusion. Therady 
consists of reducing myocardial contractility with beta 
blockers and avoiding vasodilators that may induce 
reflex increases in myocardial contractility. 


The two dynamic forms of coronary stenosis may 
have a pathophysiologic connection. intraoperatively, 
tactile stimulation of an epicardial artery in a patient 
with Prinzmetal’s angina may precipitate spasm, and 
these patients have an increased predilection for 
catheter-induced spasm during coronary arteriography. 
Thus, vigorous contraction of a myocardial bridge 
could provide sufficient stimulation to induce 

arterial spasm. 


Illustrative Case History 

A 59-year-old woman was well until three weeks prior 
to hospital admission when she developed paroxysmal, 
nocturnal chest heaviness that woke her from sleep. 
The chest tightness radiated to the left arm and neck, 
was associated with diaphoresis, and was relieved 
either by sitting up or by walking for five to six 
minutes. After a prolonged episode that lasted 20 
minutes, the patient was admitted to the hospital. 


On hospital admission, physical examination, chest 
x-ray, and 12-lead ECG were normal. An echocardio- 
gram revealed hyperdynamic left ventricular function 
but was otherwise normal. There was no electrocar-= 
diographic or enzymatic evidence of myocardial infarc- 
tion during 48 hours of observation. The patient did. 
have one episode of chest pain that was relieved by 
sublingual nitroglycerin. She then underwent cardiac 
catheterization. 
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Tape here. 


Tape here. 





Send for this set of slides 
and descriptive information. 
It’s yours, compliments of 
Syntex Laboratories. 
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FIGURE 3: STRESS ELECTROCARDIOGRAPHY 


Left precordial 
leads from the 
pre-exercise 12- 
lead ECG reveal 
isoelectric ST 
segments. 





ST segment ele- 
vations of up to 

5 mm developed 
in the precordial 
leads one minute 
after exercise 
coincident with 
the onset of 
chest pain. 








The patient was treated with a calcium channel blocker 
and nitroglycerin paste every 6 hours. A repeat stress 
test of similar duration and to the same heart rate 
was not associated with induced chest pain or ECG 
changes during exercise or in the recovery period. A 
24-hour Holter ECG recording did not reveal any ST 
segment shifts. At 18 months of follow-up, the patient 
has been free of chest pain on the medical regimen 
initiated at the hospital. 


TELL US WHAT YOU THINK OF THIS SERIES 
Syntex Laboratories is currently preparing educational 
materials that will be of special interest to cardiolo- 
gists. To aid us in the development of materials that 
are not only educational and relevant, but also appro- 
priate for use in your practice, we are interested in 
learning your reaction to this Consultations in 
Cardiology series. 


We welcome your comments, criticisms or suggestions. 
Just address your communication to Consultations in 
Cardiology, Department AT, 9th Floor, 35 East Wacker 
Drive, Chicago, IL 60601. 
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S SYNTEX 


WHO IS SYNTEX? 

Syntex Corporation is a major producer of prescrip- 
tion pharmaceuticals. Our current product list includes 
well-known brand names in the areas of dermatology, 
gynecology, allergy and rheumatology. And soon, 
Syntex will be coming to cardiology. 


© 1987 Syntex Laboratories, Inc 


DOPSCAN PLUS 


Real time B-Mode imaging multiplexed with 
pulsed performance and CW performance Doppler 


e Localize and quantitate carotid stenosis 
from 5 mm residua! lumen (50% 
stenosis) to total occlusion. 

e Confirm ọr rule out subclavian-vertebral 
steal, subclavian stenosis, thoracic outlet 
syndrome and vertebral artery 
anomolies. 

e Detect flow lesions in peripheral arteries 
and veins. 

e Easy to operate with simple, fast, 
accurate procedures. 

e Real time color spectral display. 

e Color coded flow map and spectral 
parameters. 

e Video tape recording allows off-site 
interpretations. 

e Call 1-800-334-4531 for information 
or an on-site demonstration. 


Now available with the 
Transcranial Doppler. 


Essential for a complete, 


Three noninvasive modalities 
are obtained from the same 
small, light weight probe: 


e High resolution B-Mode imaging 
identifies and characterizes plaque 
composition. 

e Pulsed performance Doppler 
identifies flow characteristics at 
selected sites. 
e CW performance Doppler 
identifies high peak velocities 
without aliasing ambiguities. 


Carolina Medical 


noninvasive cerebrovascular Electronics, Inc. 


examination. PO. BOX 307, KING, N.C. 27021 USA, TELEPHONE (319) 983-5132 
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In the unpredictable world of angina, 
there is an antianginal 
you can count on... 


24 HOURS A DY — 


Angina attacks can occur any time: in the 
early morning hours, upon awakening; in 

` the evening; or at any time during the day, 
triggered by exertion. 


Of course, no one plans an angina attack. 
But protection can be planned. 


CORGARD (nadolol tablets), with just a 
single daily dose, provides clinically proven, 
24-hour protection for your patients.’ 





(nadolol tablets) 


Please see brief summary on the adjacent page. 





(nadolol tablets) 
24-hour protection...because no time is a good time for angina 


CORGARD® TABLETS 
Nadolol Tablets USP 


DESCRIPTION: CORGARD (nadolol) is a synthetic nonselective beta-adrenergic receptor 
blocking agent. 

CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first degree 
conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vital component supporting 
circulatory function in congestive heart failure, and its inhibition by beta-blockade may precipi- 
tate more severe failure. Although beta-blockers should be avoided in overt congestive heart 
failure, if necessary, they can be used with caution in patients with a history of failure who are 
well-compensated, usually with digitalis and diuretics. Beta-adrenergic blocking agents do 
not abolish the inotropic action of digitalis on heart muscle. IN PATIENTS WITHOUT A HISTORY 
OF HEART FAILURE, continued use of beta-blockers can, in some cases, lead to cardiac failure; 
therefore, at first sign or symptom of heart failure, digitalize and/or give diuretics, and closely 
observe response, or discontinue nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal— 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 
have occurred after abrupt discontinuation of such therapy. When discontinuing 
chronic use of nadolol, particularly in patients with ischemic heart disease, gradually 
reduce dosage over a 1- to 2- week period and carefully monitor the patient. Reinstitute 


nadolol promptly (at least temporarily) and take other measures appropriate for 
management of unstable angina if angina markedly worsens or acute coronary 
insufficiency develops. Warn patients not to interrupt or discontinue therapy without 
Physician's advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even in 
Patients treated only for hypertension. 





Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema)—PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. 
Administer nadolol with caution since it may block bronchodilation produced by endogenous 
Or exogenous catecholamine stimulation of beta, receptors. 

Major Surgery—Because beta blockade impairs the ability of the heart to respond to reflex 
stimuli and may increase risks of general anesthesia and surgical procedures, resulting in 
protracted hypotension or low cardiac output, it has generally been suggested that such therapy 
should be withdrawn several days prior to surgery. Recognition of the increased sensitivity to 
catecholamines of patients recently withdrawn from beta-blocker therapy, however, has made 
this recommendation controversial. If possible, withdraw beta-blockers well before surgery 
takes place. In emergency surgery, inform the anesthesiologist that the Patient is on beta- 
blocker therapy. Use of beta-receptor agonists such as isoproterenol, dopamine, dobutamine, 
or levarterenol can reverse the effects of nadolol. Difficulty in restarting and maintaining the 
heart beat has also been reported with beta-adrenergic receptor blocking agents. 


Diabetes and Hypoglycemia—Beta-adrenergic blockade may prevent the appearance of 
premonitory signs and symptoms (e.g., tachycardia and blood pressure changes) of acute 
hypoglycemia. This is especially important with labile diabetics. Beta-blockade also reduces 
release of insulin in response to hyperglycemia; therefore, it may be necessary to adjust dose of 
antidiabetic drugs. 

Thyrotoxicosis—Beta-adrenergic blockade may mask certain clinical signs (e.g. tachycardia) 
of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic blockade which might 
precipitate a thyroid storm, carefully manage patients suspected of developing thyrotoxicosis. 
PRECAUTIONS: Impaired Renal Function—Use nadolol with caution (see DOSAGE AND 
ADMINISTRATION section of package insert). 

Information for Patients—Warn patients, especially those with evidence of coronary artery 
insufficiency, against interruption or discontinuation of nadolol without physician's advice. 
Although cardiac failure rarely occurs in properly selected patients, advise patients being treated 
with beta-adrenergic blocking agents to consult physician at first sign of impending failure. 
Advise patients in event of missed doses. 

Drug Interactions—Concurrent administration may result in interactions with: Anesthetics, 
general—exaggeration of the hypotension induced by general anesthetics (see WARNINGS, 
Major Surgery). Antidiabetic drugs (oral agents and insulin)—hypoglycemia or hyperglycemia; 
adjust antidiabetic drug dosage accordingly (see WARNINGS, Diabetes and Hypoglycemia). 
Catecholamine-depleting drugs (eg., reserpine) —additive effect; monitor closely for hypotension 


and/or excessive bradycardia. 

Carcinogenesis, Mutagenesis, Impairment of Fertility—in 1 to 2 year oral toxicologic 
Studies in mice, rats, and dogs, nadolol did not produce significant toxic effects, In 2-year oral 
carcinogenic studies in rats and mice, nadolol did not produce neoplastic, preneoplastic, or 
nonneoplastic pathologic lesions. 

Pregnancy Category C—In animal reproduction studies with nadolol, evidence of embryo- 
and fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times greater 
{on a mg/kg basis) than maximum indicated human dose; no teratogenic potential was seen in 
any of these species. There are no well-controlled studies in pregnant women; therefore, use 
nadolol in pregnant women only if potential benefit justifies potential risk to the fetus. Neonates 
of mothers who received nadolol at parturition have exhibited bradycardia, hypoglycemia and 
associated symptoms. 


© 1988 E.R. Squibb & Sons, Inc., Princeton, Nj 
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Nursing Mothers—Nadolol is excreted in human milk. Exercise caution when nadolol is 
administered to a nursing woman. 

Pediatric Use—Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects have been mild and transient and have rarely 
required nadolol withdrawal. 

Cardiovascular—Bradycardia with heart rates of less than 60 beats per minute occurs 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia were 
seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually of the 
Raynaud type, have occurred in approximately 2 of 100 patients. Cardiac failure, hypotension, 
and rhythm/conduction disturbances have each occurred in about 1 of 100 patients. Single 
instances of first degree and third degree heart block have been reported; intensification of AV 
block is a known effect of beta-blockers (see also CONTRAINDICATIONS, WARNINGS, and 
PRECAUTIONS). Central Nervous System—Dizziness or fatigue reported in approximately 2 
of 100 patients; paresthesias, sedation, and change in behavior reported in approximately 6 of 
1000 patients. Respiratory—Bronchospasm reported in approximately 1 of 1000 patients (see 
CONTRAINDICATIONS and WARNINGS). Gastrointestinal—Nausea, diarrhea, abdominal 
discomfort, constipation, vomiting, indigestion, anorexia, bloating, and flatulence each reported 
in 1 to 5 of 1000 patients. Miscellaneous—Each of the following reported in 1 to 5 of 1000 
patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or decreased libido; 
facial swelling; weight gain; slurred speech; cough; nasal stuffiness; sweating; tinnitus; blurred 
vision; infrequent reversible alopecia. 

The following adverse reactions have been reported in patients taking nadolol and/or other 
beta-adrenergic blocking agents, but no causal relationship to nadolol has been established. 
Central Nervous System—reversible mental depression progressing to catatonia; visual dis- 
turbances; hallucinations; an acute reversible syndrome characterized by disorientation for 
time and place; short-term memory loss, emotional lability with slightly clouded sensorium; 
decreased performance on neuropsychometrics. Gastrointestinal—mesenteric arterial throm- 
bosis; ischemic colitis; elevated liver enzymes. Hematologic—agranulocytosis; thrombocyto- 


penic or nonthrombocytopenic purpura. Allergic—fever combined with aching and sore throat ®™ 


laryngospasm; respiratory distress. Miscellaneous—pemphigoid rash; hypertensive reaction 
in patients with pheochromocytoma; sleep disturbances; Peyronie's disease. The oculomuco- 
cutaneous syndrome associated with practolol has not been reported with nadolol. 
OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. In addition 
to gastric lavage, employ the following measures as appropriate. In determining duration of 
corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia—Administer atropine (0.25 to 1.0 mg). If there is no response to 
vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure—Administer a digitalis glycoside and diuretic. It has been reported that 
glucagon may also be useful in this situation. 

Hypotension—Administer vasopressors, e.g., epinephrine or levarterenol. (There is evidence 
that epinephrine may be the drug of choice.) 

Bronchospasm—Administer a beta-stimulating agent and/or a theophylline derivative. 
DOSAGE-—For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd; may be gradually increased in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing of the 
heart rate; usual maintenance dose is 40 or 80 mg qd (doses up to 160 or 240 mg daily 
may be needed). If treatment is to be discontinued, reduce dosage gradually over a period of 
1 to 2 weeks (see WARNINGS). 

For hypertension, usual initial dose is 40 mg qd; gradually increase in 40 to 80 mg incre- 
ments until optimum blood pressure reduction is achieved; usual maintenance dose is 40 or 
80 mg qd (doses up to 240 or 320 mg daily may be needed). 

Patients with renal failure require adjustment in dosing interval; see package insert for dosage 
in these patients. 

For full prescribing information consult package insert.. 

HOW SUPPLIED: In scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per tablet in 
bottles of 100. The 40 mg, 80 mg, and 120 mg tablets are available in bottles of 1000 tablets. The 
20 mg, 40 mg, and 80 mg tablets are also available in Unimatic® unit-dose packs of 100 tablets. 

(J4-156) 





References: |. Data on file, Squibb Institute for Medical Research. 2. Vukovich RA, 
Foley JE, Brown B, et al: Effect of B-blockers on exercise double product (systolic 
blood pressure x heart rate) Br J Clin Pharmacol 7:167s-172s, 1979. 3. Kostis JB, 
Lacy CR, Krieger SD, et al: Atenolol, nadolol, and pindolo! in angina pectoris on effort: 
Effect of pharmacokinetics. Am Heart } 108:1131-1136, 1984, 
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diltiazem HCl/Marion 
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A FULLER LIFE 


A remarkable safety profile’ 


The low incidence of side effects with Cardizem allows patients to feel better. 


Protection against angina attacks'*’° 
The predictable efficacy of Cardizem in stable exertional* and vasospastic 
angina allows patients to do more. 


A decrease in myocardial oxygen demand 


Resulting from a lowered heart rate-blood pressure product.° 
Compatible with other antianginals* 


Safe in angina with coexisti ertension, 
COPD, asthma, or PVD'?=* dni 


*CARDIZEM® (diltiazem HCI) is indicated in the treatment of angina pectoris due to coronary artery spasm and in the 
management of chronic stable angina (classic effort-associated angina) in patients who cannot tolerate therapy with 
beta-blockers and/or nitrates or who remain symptomatic despite adequate doses of these agents 

‘See Warnings and Precautions. 


Please see brief summary of prescribing information on the next page. 0034M7 
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Usual maintenance dosage range: 180-360 mg/day 


Brief Summary 
Professional Use Information 


CARDIZEM® 
(diltiazem HCI) 30 mg, 60 mg, 90 mg, and 120 mg Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick 
sinus syndrome except in the presence of a functioning 
ventricular pacemaker, (2) patients with second- or 
third-degree AV block except in the presence of a functioning 
ventricular pacemaker, and (3) patients with hypotension 
(less than 90 mm Hg systolic). 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node 
refractory periods without significantly prolonging 
sinus node recovery time, except in patients with sick 
sinus syndrome. This effect may rarely result in 
abnormally slow heart rates (particularly in patients 
with sick sinus syndrome) or second- or third-degree 
AV block (six of 1,243 patients for 0.48%). Concomi- 
tant use of diltiazem with beta-blockers or digitalis 
may result in additive effects on cardiac conduction. A 
patient with Prinzmetal’s angina developed periods of 
asystole (2 to 5 seconds) after a single dose of 60 mg 
of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a 
negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a 
reduction in cardiac index nor consistent negative 
effects on contractility (dp/dt). 

Experience with the use of CARDIZEM alone or in 
combination with beta-blockers in patients with 
impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such 
patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in 
symptomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant 
elevations in enzymes such as alkaline phosphatase, 
CPK, LDH, SGOT, SGPT, and other symptoms 
consistent with acute hepatic injury have been noted. 
These reactions have been reversible upon discontin- 
uation of drug therapy. The relationship to CARDIZEM is 
uncertain in most cases, but probable in some. (See 
PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is 
extensively metabolized by the liver and excreted by the 
kidneys and in bile. As with any new drug given over 
prolonged periods, laboratory parameters should be moni- 
fored at regular intervals. The drug should be used with 
caution in patients with impaired renal or hepatic function. In 
subacute and chronic dog and rat studies designed to 
produce toxicity. high doses of diltiazem were associated 
with hepatic damage. In special subacute hepatic studies, 


oral doses of 125 mg/kg and higher in rats were associated 
with histological changes in the liver which were reversible 
when the drug was discontinued. In dogs, doses of 20 
mg/kg were also associated with hepatic changes; however, 
these changes were reversible with continued dosing. 

Drug Interaction. Pharmacologic studies indicate that 
there may be additive effects in prolonging AV conduction 
when using beta-blockers or digitalis concomitantly with 
CARDIZEM. (See WARNINGS. ) 

Controlled and uncontrolled domestic studies suggest that 
concomitant use of CARDIZEM and beta-blockers or digitalis 
is usually well tolerated. Available data are not sufficient, 
however, to predict the effects of concomitant treatment, 
particularly in patients with left ventricular dysfunction or car- 
diac conduction abnormalities. In healthy volunteers, 
diltiazem has been shown to increase serum digoxin levels 
up to 20%. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. 
A 24-month study in rats and a 21-month study in mice 
showed no evidence of carcinogenicity. There was also no 
mutagenic response in in vitro bacterial tests. No intrinsic 
effect on fertility was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five fo ten times greater (on a mg/kg basis) 
than the daily recommended therapeutic dose has resulted in 
embryo and fetal lethality. These doses, in some studies, 
have been reported to cause skeletal abnormalities. In the 
perinatal/postnatal studies, there was some reduction in 
early individual pup weights and survival rates. There wos 
an increased incidence of stillbirths at doses of 20 times the 
human dose or greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the 
potential benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted. 

Pediatric Use. Safety and effectiveness in children have 
not been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies 
carried out to date, but it should be recognized that patients 
with impaired ventricular function and cardiac conduction 
abnormalities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of 
adverse reactions reported during CARDIZEM therapy was 
not greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, 
the relationship to CARDIZEM has not been established. The 
most common occurrences as well as their frequency of 
presentation are: edema (2.4%), headache (2. 1%), 
nausea (1.9%), dizziness (1.5%), rash (1.3%), asthenia 
(1.2%). In addition, the following events were reported 
infrequently (less than 1%): 


CARDIZEM ANTIANGINAL PROTECTION 
diltiazem HCl/Marion PLUS SAFETY 


060mg 090mg 
O 120 mg 





Gg: tid 


Angina, arrhythmia, AV block (first 
degree), AV block (second or third degree 
— see conduction warning), bradycar- 
dia, congestive heart failure, flushing, 
hypotension, palpitations, syncope. 
Nervous System: Amnesia, gait abnormality, hallucina- 
tions, insomnia, nervousness, paresthe- 
sia, personality change, somnolence, 
tinnitus, tremor. 
Gastrointestinal: Anorexia, constipation, diarrhea, 
dysgeusia, dyspepsia, mild elevations of 
alkaline phosphatase, SGOT, SGPT, and 
LDH (see hepatic warnings), vomiting, 





Cardiovascular: 


weight increase. 

Dermatologic: Petechiae, pruritus, photosensitivity, 
urticaria. 

Other: Amblyopia, dyspnea, epistaxis, eye 


irritation, hyperglycemia, nasal conges- 
tion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, 
gingival hyperplasia, erythema multiforme, and leukopenia. 
However, a definitive cause and effect between these events 
and CARDIZEM therapy is yet to be established. 

Issued 9/86 
See complete Professional Use Information before prescribing. 


References: 1. Schroeder JS: Mod Med 1982;50(Sept):94- 
116. 2. Cohn PE Braunwald E: Chronic ischemic heart 
disease, in Braunwald E (ed): Heart Disease: A Textbook of 
Cardiovascular Medicine, ed 2. Philadelphia, WB Saunders 
Co, 1984, chap 39. 3. O'Rourke RA: Am J Cardiol 
1985;56:34H-40H. 4. McCall D, Walsh RA, Frohlich ED, 
et al: Curr Probl Cardiol 1985; 10(8):6-80. 5. Frishman WH, 
Charlap S, Goldberger J, et al: Am J Cardiol 1985,56:41H- 
46H. 6. Shapiro W: Consultant 1984;24 (Dec): 150-159. 

7. O'Hara MJ, Khurmi NS, Bowles MJ, et al: Am J Cardiol 
1984;54:477-481. 8. Strauss WE, Mcintyre KM, Parisi AF 
et al: Am J Cardiol 1982; 49:560-566. 9. Feldman RL, 
Pepine CJ, Whittle J, et al: Am J Cardiol 1982;49:554-559. 
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CLINICAL INVESTIGATIONS 





Progression of coronary artery disease after 
percutaneous transluminal coronary angioplasty 


Thirty-nine patients underwent coronary arteriography 1 to 20 months (mean 7 months) after 
percutaneous transluminal coronary angioplasty (PTCA). At the time of the repeat study, 35 
patients (90%) had recurrent angina or myocardial infarction, and 4 patients (10%) were 
asymptomatic. Restenosis, defined as >50% loss of PTCA. gained diameter, was found in 19 
patients (49%). In addition, 20 patients had new lesions or marked progression of existing 
lesions (defined as >20% or increasing >20% obstruction in coronary diameter) in the previously 
normal or mildly diseased coronary segments. The new or progressive lesions occurred both in 
patients with restenosis at the PTCA site (nine of 19) and in patients without restenosis (11 of 
20). New or progressive lesions tended to occur more commonly in the artery on which PTCA 
was performed (13 of 40) than in the artery that did not have PTCA (10 of 77) (p < 0.02 by x°). In 
arteries that had PTCA, new or progressive lesions occurred more often in the segment proximal 
to the angioplasty site (seven of 13 or 54%) than in the peri-PTCA segment (two of 13 or 15%) 
and in the segments distal to it (four of 13 or 31%), but this observation did not reach statistical 
significance. No other clinical, angiographic, or PTCA procedure variables affected the 
occurrence of new or progressive lesions. In patients with recurrent angina or myocardial 
infarction after PTCA, both restenosis and new or progressive lesions are common. New lesions 
or marked progression of existing lesions tended to occur in the vessel subjected to PTCA. 
Arterial trauma during the PTCA procedure could be considered a possible mechanism for 
progression of coronary artery disease after coronary angioplasty. (Am Heart J 


1988; 115:297.) 


Ming H. Hwang, M.D., Pramodh Sihdu, M.D., Ivan Pacold, M.D., 
Sarah Johnson, M.D., Patrick J. Scanlon, M.D., and Henry S. Loeb, M.D. 


Hines and Maywood, Ill. 


Since Gruentzig et al.' performed the first coronary 
angioplasty in 1977, percutaneous transluminal cor- 
onary angioplasty (PTCA) has become a commonly 
performed therapeutic procedure in patients with 
symptomatic coronary artery disease. In current 
practice immediate results of angioplasty have 
improved because of a higher primary success rate 
and lower incidence of complications. This can be 
explained by greater operator experience and by 
improved angioplasty equipment.”* The long-term 
benefit, however, is limited by restenosis, which has 
remained at 20% to 30%.° Because the mechanism 
of angioplasty is to fracture the atheromatous 
plaque with mechanical force, mild injury to the 
segments of coronary arteries adjacent to the site of 
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PTCA might occur. Such injury might predispose 
the patients undergoing PTCA to a rapid develop- 
ment of lesions (atherosclerotic or thrombotic) in 
previously normal or mildly diseased segments of 
the coronary arteries. We know of two case 
reports"? that suggest that this sequence of events 
might occur after PTCA. Systematic evaluation of 
coronary angiograms performed after PTCA for the 
appearance of new lesions adjacent to and remote 
from the PTCA sites, however, has not been per- 
formed. We report here the results of such a study in 
39 patients who underwent angiography within 20 
months of an initially successful PTCA. We also 
sought to identify clinical, angiographic, and proce- 
dural variables that might predict the formation of 
such lesions after PTCA. 


METHODS 


Coronary angiography was performed in 39 of the first 
133 patients who underwent successful PTCA at Hines 
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Coronary Anatomy 
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Fig. 1. Coronary anatomy demonstrating PTCA vs non-PTCA vessel, PTCA lesion, peri-PTCA 


segments, and proximal and distal PTCA segments. 


VA Hospital and Loyola University Medical Center 
between January 1982 and July 1984. The angiography 
was performed because of recurrent angina or myocardial 
infarction in 35 patients and as a follow-up procedure in 
four patients without symptoms. The interval between the 
PTCA and the angiography was 1 to 3 months in three 
patients, 4 to 6 months in 16 patients, 7 to 12 months in 10 
patients, and 13 to 20 months in six patients; the mean 
interval was 7 months. Almost all (38) patients were men; 
their ages ranged from 32 to 72 years, with a mean of 56 
years. 

Segments of the coronary arteries referred to in the 
analysis of the data are depicted in Fig. 1. The vessel that 
had PTCA is the artery or its branches subjected to the 
angioplasty. The PTCA site is the stenosed segment of the 
vessel that had PTCA, which received the balloon dila- 
tions. The peri-PTCA is the segment within 2 cm from the 
center of the PTCA segment. The proximal and distal 
segments include the remaining parts of the PTCA vessel; 
they are located proximally and distally to the peri-PTCA 
segment. 

Restenosis was defined as greater than 50% loss of 
luminal diameter, which was gained by the previous 
PTCA." A new lesion was defined as greater than 20% 
stenosis, which developed between the two angiographic 
studies in a previously normal segment of a coronary 
artery. Marked progression of an existing lesion was 
defined as a greater than 20% increase in obstruction of a 
previously diseased segment of a coronary artery (Fig. 2, 
A-C). All attempts were taken to view coronary arterio- 
grams in a similar projection. The progression of coronary 
artery disease was compared between the coronary arte- 
riograms done before PTCA and those performed on 
follow-up. The PTCA vessels had an additional angiogram 


during the procedure for comparison. All angiograms were 
viewed blindly, and all lesions were measured indepen- 
dently by two investigators with a precision vernier cali- 
per. The difference in the degree of stenosis would be 
resolved in a conference meeting or by a third indepen- 
dent arbitrator. The clinical, angiographic, and angioplas- 
tic variables were subjected to univariate analysis. A p 
value of less than 0.05 was considered significant. 


RESULTS 


At the time of the initial PTCA the femoral 
approach was used in 26 patients and the brachial 
approach in 13. Nonsteerable dilation catheters 
were used in 24 patients, and steerable catheters 
were used in 13 patients; both types of catheters 
were used in two patients. The PTCA vessel was the 
left anterior descending artery in 23 patients, the 
circumflex artery in four patients, and the right 
coronary artery in 13 patients (one patient under- 
went two-vessel PTCA). The mean fluoroscopic time 
was 34 + 3 minutes. The peak inflation pressure 
averaged 7.3 + 0.3 atmospheric pressures. Both the 
pressure gradients (from 56 + 19 mm Hg to 18 + 13 
mm Hg [p <0.001]) and the percent of coronary 
stenosis (from 77% +14% to 40% +19% 
[p < 0.001]) improved significantly after the PTCA. 
Type 2 coronary dissection without luminal compro- 
mise was observed in six patients, prolonged chest 
pain was experienced by three patients, and balloon 
rupture occurred in two patients. 

The angiographic findings are shown in Table I. 
In this group of patients who mostly had a recur- 
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Fig. 2. Marked progression of existing lesion proximal to PTCA site. A, Angiogram before PTCA. B, 
Angiogram immediately after PTCA. C, Follow-up angiogram 10 months after PTCA. 


rence of ischemic symptoms after the PTCA, the 
incidence of marked progression of existing lesions 
and of the new lesions (20 patients) was similar to 
the incidence of restenosis (19 patients). In nine 
patients, restenosis was accompanied by the appear- 
ance of new lesions or by marked progression of 
existing lesions. New lesions developed in 15 
patients, and marked progression was seen in seven 
patients, with two of the patients having new lesions 
and progression of the lesions. The average luminal 
narrowing of all 27 new and progressed lesions was 
55% + 5% (+ SD). The average obstruction of the 
19 new lesions was 44% + 5%, and the eight mark- 
edly progressed lesions increased from 34% + 4% 
to 82% + 4%. 

The clinical and angioplasty variables in patients 
without progression and in those with new lesions or 
progression of existing lesions after PTCA are shown 
in Tables II and III. The two groups did not differ as 
to the risk factor profile, the treatment with antian- 
ginal drugs, and antiplatelet agents. Likewise, we 


Table I. Angiographic findings at repeat coronary angiog- 
raphy 








Findings No. of patients 
Restenosis 19 
New or progressed lesion 20 
New lesion 13 
Progressed lesion 5 
New and progressed lesions 2 





were unable to identify any technical factors related 
to the performance of the PTCA, which could have 
contributed to the progression or formation of new 
lesions. We noted, however, that 13 of 40 vessels 
(33%) that had PTCA and only 10 of 77 vessels 
(13%) that did not have PTCA had new lesions or 
marked progression of existing lesions; this differ- 
ence was significant at p < 0.02. The location of 
these lesions in the 13 PTCA vessels was in the 
proximal segment in seven patients, in the peri- 
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Table Il. Clinical variables 





New or No new or 
progressed lesion progressed lesion 





Variables (20 patients) (19 patients) 
Age (mean no. of 56 + 2 57 + 2 
years) 
Hypertension 10 7 
Diabetes 8 4 
Cholesterol >260 6 6 
mg/dl 
History of myocardial 8 7 
infarct 
History of angina 16 15 
Medications (after 
PTCA) 
Beta blockers 17 13 
Calcium blockers 18 17 
Nitrates 18 13 
Antiplatelet agents 16 14 





PTCA segment in two patients, and in the distal 
segment in four patients. 


DISCUSSION 


Because of a considerable clinical experience with 
the procedure and improvements in the design of 
angioplasty catheters, PTCA today is a much differ- 
ent procedure than it was at the time of its introduc- 
tion in 1977.57 The primary success rates have 
improved from 60% to 90%, and the complication 
rates have declined from 10% to less than 5% ,?° but 
long-term benefits and possible side effects of the 
procedure have not been totally defined. Restenosis 
occurs in 20% to 30% of successfully dilated lesions, 
but it is seen in 50% to 60% of patients with 
recurrent angina or myocardial infarction after 
PTCA.® Individual case reports of a new coronary 
artery stenosis and of total occlusion of a previously 
normal coronary artery segment on follow-up coro- 
nary angiography raise the possibility of an addi- 
tional potential complication of the procedure.!" !2 
We reviewed coronary angiograms of 39 patients 
who mostly had ischemic symptoms after initially 
successful PTCA and found that half of them devel- 
oped a new coronary lesion or experienced marked 
progression of an existing lesion, which was higher 
than the 13% reported by Levine et al.!* They did 
not outline, however, how they reviewed coronary 
arteriograms and did not state the degree of coro- 
nary stenosis. In our series the degree of progression 
of the existing lesions (from the mean of 34% to 
82% obstruction) was striking, considering that the 
mean interval between the angiographic studies was 
only 7 months. The new lesions that developed after 
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Table Ill. Angioplastic variables 





New or No new or 
progressed lesion progressed lesion 
Variables (20 patients) (19 patients) 


Case number* 


<50 17 13 
>50 3 6 
Approach 
Brachial 6 7 
Femoral 14 12 
Vessel 
LAD 13 10 
CX 1 3 
RCA 6 7 
Fluoroscopic time 34 + 3 32. +5 
(min) 
Peak dilation pressure TZ. = 0:3, 7.6 + 0.5 
(BAR) 
Pressure gradient (mm Hg) 
Before PTCA 52 + 5 60 + 4 
After PTCA 19 £38 18 +3 
Lesion (% ) 
Before PTCA 76+4 78 +38 
After PTCA 40+5 40+4 
Dilation catheter 
Nonsteerable 13 11 
Steerable 5 8 





Abbreviations: LAD = left anterior descending artery; CX = circumflex 
artery; RCA = right coronary artery. 

*Case number represents number of procedures performed by a clini- 
cian. 


the PTCA averaged only 40% obstruction of the 
lumen and therefore were unlikely to be hemody- 
namically significant. They, however, represent 
potential sites for progression to severe obstruction 
in the subsequent years, as shown by Bourassa et 
al.* and Palac et al. The finding of these new 
nonhemodynamic lesions could explain the discrep- 
ancy between Levine et al.!3 and current studies. 

The performance of PTCA and a possible injury 
to normal or minimally diseased segments of the 
coronary arteries is only one of several potential 
explanations for the rapid progression of coronary 
artery disease as reported here. It is possible that the 
patients who were selected for the PTCA would have 
shown rapid progression even if they did not under- 
go the procedure, as suggested by Kimbiris et al.’ 
The patient with accelerated coronary artery disease 
might have a more adverse risk factor profile than 
those who do not, but we were unable to discern such 
a difference in our patients on this short-term 
observation.’”'* Treatment with antiplatelet drugs 
decreases the incidence of restenosis after PTCA,” 
but it did not prevent the development of new 
lesions or progression of existing lesions in this 
patient group. 
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Experience of the clinician is an important deter- 
minant of the immediate outcome of PTCA.: In this 
group of patients most of the angioplasties were 
performed by clinicians who at that time had done 
fewer than 50 procedures. Because coronary angio- 
plasty is the fastest expanding procedure, many 
clinicians may start to or learn to perform within 
their first 50 cases. This series might be a fair 
representation of current practice. The introduction 
of the steerable dilation catheter, which decreases 
the amount of manipulation of the catheter within 
the coronary artery, was not associated with lower 
incidence of new or progressed lesions.*’ This unex- 
pected finding can perhaps be accounted for by 
patient selection; that is, the steerable technique 
allowed the performance of PTCA in patients with 
more difficult lesions, and therefore the amount of 
trauma to the coronary arteries might have been 
similar regardless of the type of catheters used. 

In this study we found that the incidence of 
progression and new lesion development was higher 
in the vessels that had instrumented PTCA than in 
the vessels that did not have PTCA. In addition, 
progression and new lesion development within the 
PTCA vessel occurred more often proximally than 
distally to the PTCA site, but this difference was not 
statistically significant. Injury to the intima and 
fracture of the atheroma occur in the process of 
dilating the stenosis.” The manipulation of the 
guiding catheter and the balloon dilation catheter in 
the coronary arteries proximal to the PTCA site 
(and at times distal to it) may initiate thrombosis or 
atherogenesis in these areas. Antegrade or retro- 
grade propagation of a coronary artery dissection 
induced by PTCA has also been implicated in the 
development of new coronary stenoses.” The role of 
PTCA in the management of patients with coronary 
artery disease will be defined in two randomized 
studies of PTCA versus medical therapy and PTCA 
versus surgical therapy. These studies are currently 
in their beginning stages. We believe that the pro- 
gression of native coronary artery disease should be 
assessed in all studies of comparison of PTCA to the 


- other established modes of therapy. 


We thank Ms. Susan Ross for her secretarial assistance in the 
preparation of this manuscript. 
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Improved regional and global diastolic 
performance in patients with coronary artery 
disease after percutaneous transluminal 


coronary angioplasty 


To investigate the improvement of left ventricular (LV) function after successful percutaneous 
transluminal coronary angioplasty (PTCA), we studied resting ejection fraction, regional ejection 
fraction, filling fraction as an index of early diastolic performance, and regional filling fraction in 
22 patients with single-vesse! coronary artery disease and technically adequate LV angiograms 
before and 6 months after successful PTCA without restenosis. Before PTCA, filling fraction was 
significantly less in patients with coronary artery disease than in the control group, although 
there was no significant difference In ejection fraction. Filling fraction improved significantly 
after PTCA. Regional filling fraction increased significantly In jeopardizing myocardium, but 
regional filling fraction in nonjeopardized myocardium did not change significantly. Ejection 
fraction and regional ejection fraction did not change significantly after PTCA. Our results 
Indicate that the improvement of regional diastolic performance in jeopardized myocardium may 
contribute to the improvement of global diastolic performance after successful PTCA. (Am Heart 


Jd 1988;115:302.) — 


‘Kyoichi Mizuno, M.D., Ko Arakawa, M.D., Toshio Shibuya, M.D., — 
Kenji Horiuchi, M.D., Hirosuke Matui, M.D., Bonpei-Takase, M.D., 
Kazushige Isojima, M.D., Akira Kurita, M.D., and Haruo Nakamura, M.D. 


Saitama, Japan 


Abnormalities in left ventricular diastolic perfor- 
mance are common in patients with coronary artery 
disease.’ Diastolic variables of left ventricular per- 


formance tend to change before systolic distur- | 


bances begin, and impaired left ventricular diastolic 
performance may occur in the absence of impaired 
systolic performance.” Previous investigations have 
shown that impaired diastolic performance might 
occur under resting conditions in the absence of 
myocardial infarction or active ischemia.”8 More 
recently, it has been reported® that diastolic filling 
disturbance with normal systolic function occurring 


at rest in patients with single-vessel coronary artery 


disease and impaired global diastolic filling might 
result from asynchronous left ventricular regional 
diastolic function. In such patients with stenosis of a 
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single coronary artery, abnormal indexes of left 
ventricular diastolic filling at rest may be a revers- 
ible manifestation of regional myocardial ischemia 
or reduced regional coronary flow. Intervention that 
restores coronary perfusion or flow such as 
percutaneous transluminal coronary angioplasty 
(PTCA)®" may improve diastolic function. We 
have therefore investigated the effects of PTCA on 
global and regional diastolic function at rest in 
patients with single-vessel coronary artery disease. 


METHODS 


We studied 22 patients who fulfilled the following 
sélective criteria: (1) single-vessel coronary artery disease; 
(2) severe organic stenosis in the left anterior descending 
coronary artery; (3) successful PTCA; (4) no restenosis; (5) 
no history of ECG evidence of previous myocardial infarc- 
tion; and (6) technically adequate left ventriculograms in 
both pre and post PTCA studies. Initial coronary arteriog- 
raphy and cardiac catheterization were performed within 
1 to 3 weeks of PTCA. Follow-up study was done about 6 
months after PTCA. Patients with ECG and echocardio- 
graphic evidences of left ventricular hypertrophy were 
excluded from these studies. All patients were men, aged 
41 to'73 (mean age 54 years). 
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Table |. Left ventricular function before and after PTCA 
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Heart rate (bpm) 

LV systolic pressure (mm Hg) 

LV end-diastolic pressure (mm Hg) 

LV end-systolic volume index (ml/m?/BSA) 
LV end-diastolic volume index (ml/m?/BSA) 
Peak positive dp/dt (mm Hg/sec) 

dp/dt/pyo (sec!) 

Peak negative dp/dt (mm Hg/sec) 

Filling fraction (%) 

Ejection fraction (%) 


Values are mean + SD. 





Before PTCA After PTCA p 
72.4 + 10.4 70.5 + 11.0 NS 
133.6 + 19.4 139.3 + 20.5 NS 
120+ 3.0 98+ 52 NS 
99.2 + 20.4 96.4 + 19.2 NS 
30.3+ 5.2 284+ 4.9 NS 
1605.4 + 490.7 1626.1 + 506.4 NS 
32.4 + 9.6 34.2 + 10.5 NS 
1888.6 + 502.4 1986.7 + 724.6 NS 
50.3 + 7.3 54.6 + 6.8 <0.01 
69.9 + 8.2 714+ 9.6 NS 





Abbreviations: LV = left ventricular; BSA = body surface area; PTCA = percutaneous transluminal coronary angioplasty; dp/dt pa = rate of rise of left 


ventricular pressure of 40% of peak. 


PTCA and coronary arteriography. PTCA was per- 
formed by use of the Gruentzig (USCI Division of C. R. 
Bard, Billerica, Mass.) or Simpson-Roberts (Advanced 
Cardiovascular Systems, Temecula, Calif.) angioplasty 
catheter. The severity of the stenosis before and after 
PTCA was measured in the same view for all three studies 
and by three experienced examiners from high-contrast, 
magnified cineangiographic images with the use of vernier 
calipers. The degree of diameter of stenosis was expressed 
as a percentages of luminal narrowing compared with the 
closest normal segment in at least two views, and results 


were averaged. All measurements were made during the. 


diastolic phase of the cardiac cycle. PTCA was considered 
successful if there was a 40% or greater reduction in the 
degree of coronary artery stenosis. A loss of more than 
50% of the gain in vessel diameter achieved at PTCA was 
used as the criterion of restenosis. 

Cardiac catheterization. Left heart catheterization and 
left ventriculography were performed by means of stan- 
dard techniques, via the brachial or femoral approach. All 
patients were studied at least 72 hours after treatment 
with calcium antagonists or beta-blockers had been 
stopped, and at least 12 hours after treatment with 
nitrates ceased. Left ventricular pressure was measured in 
two patients with a micromanometer-tipped catheter 
before and after PTCA. In the other 20 patients, a 
fluid-filled catheter system was used for measurement of 
left ventricular pressure. Left ventricular pressures and 
their derivatives were recorded by a Hewlett-Packard 
4578 recorder (Hewlett-Packard Co., Andover, Mass.). 
They were recorded at speeds of 25 and 200 mm per 
second and at high and low sensitivity, and averaged over 
10 beats. . 

Left ventriculography was done by injecting 0.7 ml per 
kilogram of megulumine diatrizoate (76% Urografin) at 
the rate of 18 ml/sec. Ejection fraction was calculated 
using the area-length method. The cardiac silhouette in 
the right anterior oblique projection was divided into five 
areas,” and regional ejection fraction was defined as the 
difference between end-diastolic and end-systolic regional 
areas divided by the end-diastolic area. Filling fraction, as 


an index of early left ventricular diastolic function, was 
calculated from left ventriculography by the formula of 
Reduto et al., and it was defined as (D,, ~ ESV)/Dy, 
where D,, equaled diastolic volume at the first third of 
diastole and ESV equaled end-systolic volume. Two 
observers measured the left ventriculogram while being 
unaware of the patients’ clinical course. Pre PTCA filling- 
fraction was compared to an age-matched normal control 
group. Regional filling fraction was calculated by the area 
system by means of this formula. 

Statistical analysis. The data are presented as means 
values + standard deviation. Data were tested for signifi- 
cance by paired and unpaired Student’s t tests. Signifi- 
cance was assessed at the p < 0.085 levels. 


RESULTS 


Average percent diameter stenosis was 75.3 + 
18.6% before PTCA and was reduced to 26.7 + 
12.4% immediately after PTCA, 6 months later, it 
was 28.1 + 13.2%. 

There was no significant difference in heart rate, 
left ventricular systolic pressure, left ventricular 
end-systolic volume index, and left ventricular end- 
diastolic volume index between pre and post PTCA. 
PTCA did not affect the ejection fraction, peak 
dp/dt, or dp/dt/p,) at rest (Table I). Left ventricular 
end-diastolic pressure slightly decreased after 
PTCA, but there was no significant difference 
before and after PTCA. Peak negative dp/dt 
increased after PTCA, but there was no significant 
difference. 

Before PTCA, filling fraction was at a significant- 
ly lower value in the coronary artery disease group 
than in a normal control group (Fig. 1), although 
there was no significant difference in ejection frac- 
tion between the two groups (69.9 + 8.2% vs 71.4 + 
9.6%, ns). Before PTCA, filling fraction was 50.6 + 
7.3%; it increased significantly to 54 + 4.5% after 
PTCA (p < 0.01) (Fig. 2). 
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Fig. 1. Comparison of filling fraction between coronary 


artery disease group (before PTCA) and normal control. 


group. 


Filling fraction in area 2, which was supplied by 
the left anterior descending coronary artery, 
increased from 38.0 + 7.8% to 43.8 + 8.1%. This 
was a significant difference (p < 0.01) (Fig. 3). There 


were no significant changes in other areas. Regional - 


ejection fraction in all areas did not change signifi- 
cantly after PTCA. 


DISCUSSION 


Left ventricular diastolic function has been 
reported to be impaired in patients with coronary 
artery disease in whom there was no evidence of 
active ischemia or previous myocardial infarction. 
Yamagishi et al? and Bonow et al.‘ reported that 
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Filling fraction (%) 





post-PTCA 


pre-PTCA 


Fig. 2. Effect of PTCA on filling fraction in 22 
patients. 


impairment of diastolic filling with normal systolic 


- function occurred even in single-vessel coronary 


artery disease at rest. 

In our cineangiographic study, global filling frac- 
tion was less in patients with coronary artery disease 
who did not manifest evidence of previous myocar- 
dial infarction and who had normal systolic function 
than in the normal control group. This finding 
supports previous observation from radionuclide 
angiographic studies. 

Diastolic filling at rest improved after successful 
PTCA. Resting heart rate, blood pressure, and left 
ventricular systolic function were unchanged from 
pre PTCA values. These data demonstrate the 
reversibility of impaired resting left ventricular dia- 
stolic filling after PTCA in patients with normal 
resting systolic function. 
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A=pre-PTCA 
B = post-PTCA 


Fig. 3. Effect of PTCA on regional filling fraction in 22 patients. 


There are several possible mechanisms for this 
improvement of left ventricular diastolic function at 
rest after PTCA. First, impaired diastolic function 
at rest may be a manifestation of subclinical ische- 
mia, so mild as not to cause angina or affect 
contractile function. Improved diastolic filling after 
PTCA may reflect a reduction or elimination of 
reversible myocardial ischemia.“ A second possible 
mechanism may be related to the effect of early 
diastolic coronary flow on the rate of left ventricular 
relaxation. Rapid filling and distention of the coro- 
nary bed is an important mechanical driving force 
for augmenting and sustaining left ventricular relax- 
ation. Although total flow in a stenosed coronary 
artery may be normal at rest, the rate and extent of 
flow in early diastole may be compromised, resulting 
in prolonged relaxation and alteration in the timing 
and rate of rapid diastolic filling.” If this is the case, 
PTCA might improve left ventricular relaxation and 
filling at rest independent of any potential effect on 
myocardial ischemia. Third, Bonow et al." specu- 
lated that improved global left ventricular filling 
after PTCA might result from improved regional left 
ventricular function. In our study, filling fraction in 
area 2, which is perfused by the left anterior 
descending coronary artery, as well as global filling 
fraction increased after PTCA. This means that the 


improvement of global filling fraction may be attrib- 
uted to the improvement of regional diastolic perfor- 
mance. 

Significant improvement of peak negative dp/dt, 
as an index of left ventricular relaxation, could not 
be demonstrated after PTCA in our study, although 
left ventricular relaxation is one of the determinants 
of early diastolic filling.” * One of the reasons for 
this may be the use of a standard catheter system in 
most of the cases instead of a micromanometer- 
tipped catheter. Accurate determinations of the 
instantaneous rate of ventricular changes in human 
subjects are not possible because of the artifacts 
inherent in pressure recordings measured by means 
of the standard catheter system." 

Significant improvement could not be obtained in 
areas 1 and 3, which were also supplied by the left 
anterior descending coronary artery. Area 1 is sup- 
plied by the proximal left anterior descending coro- 
nary artery and its first septal branch. In 9 of 22 
patients, however, the stenotic sites were distal from 
the first septal branch. In addition, wall motion of 
area 1 is usually preserved in patients with coronary 
artery disease, regardless of which artery is nar- 
rowed.” These might be two reasons why significant 
improvement could not be obtained in area 1. 
Although a large part of area 3 is supplied by the left 
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anterior descending coronary artery, the inferior 
part of area 3 is supplied by the circumflex coronary 
artery or may be supplied by the right coronary 
artery. Three of 22 patients showed a type 1 anterior 
descending artery, which does not reach the apex.” 
These might also be considered two reasons why 
significant improvement could not be obtained in 
area 3. 

We utilized the area method for evaluation of 
regional function because this method gave a better 
quantitative analysis of left ventricular wall motion 
abnormalities than the chord or radial methods.” 
However, a slightly different way of tracing the 
cardiac silhouette of the left ventriculogram could 
lead to different results. Therefore the measure- 
ments of the left ventriculogram were performed in 
a blinded randomized fashion by two observers. 
Recently, a more sophisticated method, such as a 
biharmonic Fourier translation of the left ventricu- 
logram, has been developed.” If we had used such a 
method, we could perhaps have obtained more 
detailed results. 

In conclusion, left ventricular diastolic filling in 
patients with coronary artery disease with normal 
systolic function is impaired at rest. Diastolic filling 
improves after PTCA, and an improvement of 
regional diastolic function in jeopardized areas may 
contribute to the improvement of the global diastol- 
ic performance. 
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Contraindications: Severe left ventricular dysfunction (see Warnings), hypo- 
tension (systolic pressure<90 mm Hg) or cardiogenic shock, sick sinus syndrome 
(if no pacemaker is present), 2nd- or 3rd-degree AV block (if no pacemaker is 
present), atrial flutter/fibrillation with an accessory bypass tract (eg, WPW or LGL 
syndromes). 

Warnings: Verapamil should be avoided in patients with severe left ventricular 
dysfunction (eg, ejection fraction<30%) or moderate to severe symptoms of car- 
diac failure and in patients with any degree of ventricular dysfunction if they are 
receiving a beta-adrenergic blocker. Control milder heart failure with optimum 
digitalization and/or diuretics before Calan is used. Verapamil may occasionally 
produce a decrease in blood pressure below normal levels, which may result in 
dizziness or symptomatic hypotension. Elevations of liver enzymes have been 
reported. Several cases of hepatocellular injury have been demonstrated to be 
produced by verapamil. Periodic monitoring of liver function in patients on verap- 
amil is prudent. Some patients with paroxysmal and/or chronic atrial flutter/fibril- 
lation and an accessory AV pathway (eg, WPW or LGL syndromes) have devel- 
oped an increased antegrade conduction across the accessory pathway bypassing 
the AV node, producing a very rapid ventricular response or ventricular fibrillation 
after receiving I.V. verapamil (or digitalis). Because of this risk, oral verapamil is 
contraindicated in such patients. The effect of verapamil on AV conduction and 
the SA node may cause asymptomatic 1st-degree AV block and transient brady- 
cardia, sometimes with nodal escape rhythms. PR-interval prolongation is corre- 
lated with verapamil plasma concentrations especially during initial titration. Higher 
degrees of AV block are infrequent (0.8%). Development of marked 1st-degree 
block or progression to 2nd- or 3rd-degree block requires reduction in dosage or, 
rarely, discontinuation and institution of appropriate therapy. Sinus bradycardia, 
2nd-degree AV block, sinus arrest, pulmonary edema and/or severe hypotension 
were seen in some critically ill patients with hypertrophic cardiomyopathy who 
were treated with verapamil. 

Precautions: Verapamil should be given cautiously to patients with impaired 
hepatic function (in severe dysfunction use about 30% of the normal dose) or 
impaired renal function, and patients should be monitored for abnormal prolonga- 
tion of the PR interval or other signs of overdosage. Verapamil may decrease 
neuromuscular transmission in patients with Duchenne’s muscular dystrophy and 
may prolong recovery from the neuromuscular blocking agent vecuronium. It may 
be necessary to decrease verapamil dosage in patients with attenuated neuromus- 
cular transmission. Studies in a small number of patients suggest that concomitant 
use of Calan and oral beta-adrenergic blockers may be beneficial in certain patients 
with chronic stable angina or hypertension. Combined therapy can also have ad- 
verse effects on cardiac function; therefore patients should be closely monitored. 
A decrease in metoprolol clearance may occur with concurrent use of verapamil 
and metoprolol. Chronic verapamil treatment increases serum digoxin levels by 
50% to 75% during the first week of therapy, which can result in digitalis toxicity. 
The digoxin dose should be reduced when verapamil is given, and the patient 
reassessed. Verapamil used concomitantly with oral antihypertensive agents will 
usually have an additive effect on lowering blood pressure that in some cases may 
be excessive; therefore patients should be monitored appropriately. Disopyramide 
should not be given within 48 hours before or 24 hours after verapamil administra- 
tion. Until further data are obtained, combined verapamil and quinidine therapy in 
patients with hypertrophic cardiomyopathy should probably be avoided, since 
significant hypotension may result. Quinidine levels may increase during verapamil 
therapy. Clearance of verapamil may be reduced in concomitant use with cimeti- 
dine. Concomitant use of verapamil and lithium may result in decreased serum 
lithium levels, Verapamil therapy may increase carbamazepine concentrations dur- 
ing combined use. Therapy with rifampin may markedly reduce oral verapamil 
bioavailability. Concomitant use of inhalation anesthetics and calcium antagonists 
needs careful titration to avoid excessive cardiovascular depression. Verapamil 
may potentiate the activity of neuromuscular blocking agents (curare-like and de- 
polarizing); dosage reduction may be required. One study in rats did not suggest a 
tumorigenic potential, and verapamil was not mutagenic in the Ames test. Another 
study in rats showed no evidence of carcinogenicity. Pregnancy Category C. There 
are no adequate and well-controlled studies in pregnant women. This drug should 
be used during pregnancy, labor, and delivery only if clearly needed. Verapamil is 
excreted in breast milk; therefore, nursing should be discontinued during verapamil 
use. Safety and efficacy in children under 18 have not been established. 

Adverse Reactions— oral verapamil: Constipation (8.4%), dizziness (3.5%), 
nausea (2.7%), hypotension (2.5%), edema (2.1%), headache (1.9%), CHF/pul- 
monary edema (1.8%), fatigue (1.7%), bradycardia: HR <50/min (1.4%), AV block: 
total 1°, 2°, 3° (1.3%)/3rd-degree (0.8%), flushing (0.1%); elevations of liver 
enzymes have been reported (see Warnings). The following reactions, reported in 
1.0% or less of patients, occurred under circumstances where a causal relation- 
ship is not certain: angina pectoris, chest pain, claudication, myocardial infarction, 
palpitations, purpura (vasculitis), syncope, diarrhea, dry mouth, gastrointestinal 
distress, gingival hyperplasia, ecchymosis or bruising, confusion, equilibrium dis- 
orders, insomnia, muscle cramps, paresthesia, psychotic symptoms, shakiness, 
somnolence, dyspnea, arthralgia, rash, exanthema, hair loss, hyperkeratosis, 
macules, sweating, urticaria, blurred vision, gynecomastia, impotence, increased 
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An estimated 80% of responders stay on HYTRIN long term, 
as shown in a two-year study? 


Side effects generally were mild and transient. Dizziness and 
asthenia were the most common. Others reported signifi- 
cantly more frequently than with placebo were nasal congestion, 
peripheral edema, somnolence, nausea, palpitations, and blurred 
vision. Incidence of syncope (1.0%) was not significantly different 
from placebo. 
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HYTRIN® 


(terazosin hydrochloride tablets) 

Brief Summary 

CLINICAL PHARMACOLOGY: P) í ies: Clinical studies of terazosin used in once-a-day (majority) 
and b.i.d regimens with total doses usually in the range of 5-20mg/day, in patients with mild or moderate eee: 
sion. Because terazosin, like ail alpha antagonists, can cause large falls in blood pressure after the first dose or 
first few doses, the initial dose was 1mg in virtually all studies, with subsequent titration to a specified fixed dose 
or titration to a specified blood pressure end Jenn N 

Blood pressure responses were measured at the end-of the dosing interval (usually 24 hrs.) and effects were 
shown to persist throughout the interval, with usual supine responses 5-10mmHg systolic and 3.5-8mmHg diastolic 
gan than placebo. The responses in the standing position tended to be somewhat pe ada this was not 
rue in all studies. The magnitude of blood aes responses was similar to prazosin and less than hydrochlorothi- 
azide (in a single study). In measurements 24 hrs. after dosing, heart rate was unchanged. . ` 

Limited measurements of peak response (2-3 hrs. after dosing) during chronic terazosin administration indicate 
that it is more than twice the trough (24 hr.) response, suggesting some attenuation of response at 24 hrs., pre 
sumably due to a fall in blood terazosin concentrations at the end of the dose interval. This explanation is not estab- 
lished with certainty and is not consistent with the similarity of blood pressure response to once-a-day and b.i.d. 
dosing. With the absence of an observed dose-response relationship over a range of 5-20mg, i.e., if blood concen 
trations fall to the point of providing less than full effect at 24 hrs., a shorter dosing interval or larger dose should 
lead to increased response. Measure blood pressure (BP) at the end of the dose interval; if response is not satis- 
factory, patients may be tried on a larger dose or b.i.d. regimen. The latter should be considered if side effects, 
such as dizziness, Palpitations, or orthostatic complaints, are seen within a few hours after dosing. 

The greater BP effect associated with peak plasma concentrations (first few hours after dosing) appears some- 
what more position-dependent (greater in the erect position) than the effect of terazosin at 24 hrs. In the erect po- 
sition there is a 6-10 bpm increase in heart rate in the first few hours after dosing. During the first 3 hrs. after 
dosing 12.5% of patients had a systolic pressure fall of 30mmHg or more from supine to standing, or standing sys- 
tolic pressure below 90mmHg with a fall of at least 20mmHg. compared to 4% of a placebo group. 


INDICATIONS AND USAGE: Indicated for the treatment of hypertension. 





CONTRAINDICATIONS: None known. 
WARNINGS: Sı and “First-dose" Effect: Terazosin, like other al ic blocki ts, can 
TASE panied bypatoesion n, ially postural i paes association with irst dose 
er Et tow doses. A similar etiect occur more than a few doses. Syncope 
has been reported with other alpha-adre Hocking agents in association with rapid do: increases 
rken tee p e antaman statis Las Lote pedal Ly sites goesal ara anche 
with heart rates of 120-160 bpm. 
To decrease the likelihood of syncope or excessive hypotension, always initiate treatment with a 1 
ee a Boine: Tha Sng ond Seve t Se M EAE i Verreaes dosag slovrty, a 
additional antihypertensive with caution. Caution patien! situations where injury cou 
iit rs poets in jury 


In early studies, where increasing single doses up to 7.5mg were given at 3 day intervals, tolerance to the first 
dose phenomenon did not necessarily develop and the “first dose” effect was observed at all doses. Syncopal epi- 
sodes occurred in 3 of 14 subjects given doses of 2.5, 5, and 7.5mg, which are higher than the recommended initial 
dose. Severe orthostatic hypotension (BP 50/0mmHg) was seen in two others and dizziness, tachycardia, and light 
headedness occurred in most subjects. These adverse effects all occurred within 90 min. of doaing. 

In multiple dose clinical trials involving nearly 2000 patients, syncope was reported in about 1% of patients, in 
no case severe or prolonged, and was not necessarily associated with early doses. 

Wd Syncope occurs place patent in recumbent san ee ai spe vapi reti There is evidence that the 

effect of terazosin is greater, even in c] ic use, shortly dosi 

PRECAUTIONS: General: Orthostatic Hypotension: While syncope is the most severe orthostatic effect of 
terazosin, other symptoms of lowered BP, such as dizziness, lightheadedness and palpitations, are more common, 
occurring in 28% of patients in clinical triais. Patients with occupations in which such events represent potential 
problems should be treated with particular caution. 

Information for Patients: Make aware of possibility of syncopal and orthostatic symptoms, especially at initiation 
of therapy, and to avoid driving or hazardous tasks for 12 hrs. after the first dose, after a dosage increase, and 
after interruption of thera jen treatment is resumed. Caution to avoid situations where injury could result 
should syncope occur during initial therapy. Advise to sit or lie down when symptoms of lowered BP occur and to 
tise carefully from a sitting or lying position. Bothersome dizziness, lightheadedness, or palpitations should be 
reported to physician. 

Tell patients that drowsiness or somnolence can occur, requiring caution in people who must drive or operate 
heavy machinery. 

Laboratory Tests: Small but statistically significant decreases in hematocrit, hemoglobin, WBC, total protein and 
albumin were observed in clinical trials. The magnitude of decreases did not worsen with time. These findings sug- 
gest the possibility of hemodilution. 
Drug Interactions: \n controlled trials, terazosin was added to diuretics, and several beta-adrenergic blockers; no 
unexpected interactions were observed. Terazosin has also been used concomitantly without interaction in at least 
50 patients on the following: 1) analgesic/anti-inflammator aoan, aspirin, codeine, ibuprofen, indo- 
methacin); 2) antibiotics (erythromycin, trimethoprim and sulfamethoxazole): 3) anticholinergic/s peor 
ics ihenyiepiiins EE eer nipenenineioe HCI, pseudoephedrine HCI); 4) antigout (allopurinol ) antihista- 
mines (chiorpheniramine); 6) cardiovascular agents (atenolol, hydrochlorothiazide, methyclothiazide, pro- 
pranolol); 7) corticosteroids; 8) gastrointestinal agents (antacids): 9) hypoglycemics; 10) sedatives and tranquil- 
izers (diazepam). 
Carcinogenesis, Mutagenesis, Impairment of Fertility: HYTRIN was devoid of mutagenic potential when evaluated 
iti 


in vivo and in vitro. 

HYTRIN, administered in feed to rats at doses of 8, 40, and Zoling/kp/day for 2 yrs., was associated with a 
statistically Spica increase in benig adrenal medullary tumors of male rats exposed to the geumi dose. 
This dose ts 695 X max. recommended human dose (20mg/55kg). Female rats were unaffected. HYTRIN was not 
oncogenic in mice when administered in feed for 2 yrs. at a maximum tolerated dose of 32mg/kg/day. 

The absence of mutagenicity in a battery of tests, of tumorigenicity of any cell type in the mouse carcinogenicity 
assay, of increased total tumor incidence in either species, and of proliferative adrenal lesions in female rats, sug- 
pe a male rat species-specific event. Numerous other diverse pharmaceutical and chemical compounds have 
een associated with these tumors in male rats without supporting evide: lor carcinogenicity in man. 












ects on fertility were assessed in a standard fertility/reproductive performance study in which male and 
female rats were administered oral doses of 8, 30 and izing g/day. Four of 20 male rats given 30mg/kg and 5 
of 19 male errs 120mg/kg failed to sire a litter. Testicular weights and morphology were unaffected. Vaginal 
smears at 30 and 120mg/kg/day appeared to contain less sperm than smears from control matings and good corre- 
lation was reported between sperm count and subsequent pregnancy. > 

Oral use for 1 or 2 yrs. elicited a statistically y rlr e increase in testicular atrophy in rats exposed to 40 and 
250mg/kg/day, but not in rats exposed to Bing kg day (> 20 X max. recommended human dose). Testicular atro- 
phy was observed in dogs dosed with 300mg ky 'day (> 800 X max. recommended human dose) for 3 months but 
not after 1 yr. when dosed with 20mg/kg/day. This lesion has also been seen with Minipress®. 
Preg y: Teratogenic effects: Pregnancy Category C. There are no adequate and well-controlled studies in preg- 
nant women and the safety of terazosin in pregnancy has not been established. HYTRIN is not recommended during 
dy lest unless potential benefit justifies potential risk to mother and fetus. : 

Jonteratogenic effects: In a peri- and garu development study in rats, significantly more pups died in the 
group dosed with 120mg/kg/day (> 300 X max. recommended human dose) than in the control group during the 
-week post-partum period. 

Nursing Mothers: \t is not known whether terazosin is excreted in breast milk; therefore, exercise caution when 
administering terazosin to a nursing woman. 


Pediatric Use: Safety and effectiveness have not been determined. 


ADVERSE REACTIONS: The os of adverse reactions has been ascertained from 14 placebo-controlied 
studies conducted primarily in the U.S. The studies involved once-a-day administration of terazosin as monotherapy 
or in combination with other semaine agents, at doses ranging from 1 to 40mg. All adverse events reported 
as adverse reactions. Adverse events where the prevalence rate in the terazosin 

group was at least 5%, where the prevalence rate for the terazosin group was at least 2% and was greater than 
je prevalence rate for the placebo group, or where the reaction is of pow interest are summarized below. 


were significantly (p < 0.05) more common in pateat receiving terazosin than in patients rereiviog placebo. 






5.9%-3.4%), nausea (4.4%-1.4%), nervousness 
4.3%- 1.2%), ried (2.9%-1.4%), peripheral edema (5.5%-2.4%), postural h 


(1. 

headache e %), impotence (1.2%-1.4%6) 
j ea 

sinusitis (2.6%-1.4%), somnolence (5.4%-2.6%), 


IN-%PLACEBO)] are: asthenia (1.6%-0%), blurred vision (0.6%-0%). dizziness (3.1%-0.4%), dys- 

pres {0.9%-0.6%). headache (1.3%-1%). nasal congestion (0.6%-0%), nausea (0.8%-0%). palpitations 

1.4%-0.2%), paresthesia (0.8%-0.2%). peripheral edema (0.6%-0%), postural hypotension (0.5%-0%), somno- 
lence (0.6%-0.2%), syncope (0.5%-0.2%), tachycardia (0.6%-0%). 

Additional adverse reactions have been reported. but these are not distinguishable from symptoms that might 





DOSAGE AND ADMINISTRATION: Dose and dose interval (12 or 24 hrs.) should be adjusted according to BP re- 
sponse. 
Initial Dose: Img at bedtime. Observe the initial dosing regimen strictly to minimize potential for severe hypoten- 
sive effects. 
Seen Doses: Slowly increase dose to achieve desired BP response. Usual dose range is 1mg GA, once 
a da patients may benefit from doses up to 20mg/day. Doses over 20mg do not appear to provide further 
BP effect. Doses over i have not been studied. Monitor BP at the end of dosing interval to assure contro! is 
maintained. It may be helpful to measure BP 2-3 hrs. after dosing to see if maximum and minimum responses are 
similar, and to evaluate symptoms which can result from excessive hypotensive response. If response is substan- 
tially diminished at 24 hrs. consider an increased dose or b.i.d. regimen. Hf admini i jor 
several or longer, reinstitute therapy using initial dosing regimen. In clinical trials, except for the initial 
dose, the dose was given in the morning. 
Use With Other Drugs: Caution should be observed when terazosin is administered concomitantly with other an- 
tihypertensive agents (e.g. calcium Siopentts) to avoid the possibility of Sitin hypotension. When adding a 
sage reduction and 








diuretic or other antihypertensive agent, retitration may be necessary. 
August, 1987 Abbott Health Care Products, Inc. North Chicago, IL 60064 7083834 
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Assessment of myocardial oxidative stress in 
patients after myocardial revascularization 


A homogeneous group of six patients, who underwent coronary artery bypass surgery, was 
studied to determine the presence of oxidative stress caused by oxygen-derived free radicals 
and its relationship with reperfusion cell damage. Biopsies were performed before ischemia and 
10 minutes after reperfusion. The samples were assayed for hydroperoxide-initiated 
chemiluminescence and histochemical succinic dehydrogenase activity; the specimens were also 
studied by electron microscopy. The preischemic biopsy specimens showed chemiluminescence 
of 40 + 2 (cpm/mg protein) xX 10°, normal succinic dehydrogenase activity (grade 4), and 
generally preserved ultrastructure (necrotic/normal cells 5/100). However, the reperfusion 
biopsy specimens showed an increase in chemiluminescence to 91 + 19 (cpm/mg protein) x 10° 
(p < 0.025), a partial loss of enzymatic activity (grade 2.6), and ultrastructural changes 
characterized by mitochondrial swelling and focal myofibrillar disorganization (necrotic /normal 
cells: 15/100; p < 0.001). These observations seem to indicate the presence of oxidative stress 
during reoxygenation, a situation that may play a major role in the genesis of reperfusion injury. 
It appears to be the first observation relating free radical-induced oxidative stress to reperfusion 


injury in humans. (Am Heart J 1988;115:307.) 


Ricardo Ferreira, M.D., Susana Llesuy, Ph.D., Jose Milei, M.D., 
Domingo Scordo, M.D., Hector Hourquebie, M.D., Luis Molteni, M.D., 
Carlos de Palma, M.D., and Alberto Boveris, Ph.D. Buenos Aires, Argentina 


Preservation of myocardial function is a major con- 
cern during open-heart surgery requiring interrup- 
tion of coronary blood flow. It has been demon- 
strated that prolonged ischemia or inadequate car- 
dioplegic techniques produce structural, biochemi- 
cal, and functional lesions that occur mainly during 
restoration of arterial flow. This reperfusion injury, 
originally described by Jennings et al.! and later by 
Engelman et al., has recently been related to the 
cytotoxic action of oxygen-derived free radicals.*:4 
In 1982, Parks et al. and Shlafer et al. postulated 
that reperfusion lesions are caused by increased 
superoxide anion generation and peroxidation of 
polyunsaturated membrane lipids. This process of 
lipoperoxidation is probably initiated by the highly 
cytotoxic and reactive hydroxyl radical.” However, 
all of these studies have been done in experimental 
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models, and until now there has been no clinical 
experience with cell damage produced in the ische- 
mic heart by oxygen-derived free radicals. 

The present study affords an opportunity for 
assessment of changes in ultrastructure, succinic 
dehydrogenase activity, and hydroperoxide-initi- 
ated chemiluminescence in a group of patients with 
surgically treated coronary artery disease that 
involved a cycle of ischemia and reperfusion. Hydro- 
peroxide-initiated chemiluminescence integratively 
measures the level of endogenous free radical scav- 
engers; increased chemiluminescence is defined as a 
reduced endogenous antioxidant defense resulting 
from a situation of oxidative stress.®° 


METHODS 


Patients. Six patients who underwent coronary bypass 
surgery, and who constituted a highly homogeneous 
group, were selected for the study. Participants were 37 to 
57 years of age (49.3 + 3.1; mean + SEM) and had no 
evidence of recent (<4 weeks) acute myocardial infarction. 
The average preoperative ejection fraction was 52 + 2. 
Only patients in whom satisfactory revascularization was 
achieved were considered for this study. Written informed 
consent for myocardial biopsy was obtained from each 
patient. The study protocol was approved and controlled 
by the ethics committee of the Institute of Cardiology of 
the National Academy of Medicine (Argentina). 
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REPERFUSION SAMPLES 


Fig. 1. Mean and total values for control and reperfusion determinations of hydroperoxide-initiated 


chemiluminescence in six patients. 


Cardiopulmonary bypass was instituted and the tem- 
perature of the perfusate was lowered to 28° C. Topical 
hypothermia with crushed-iced saline solution was 
applied. Before the aorta was cross clamped, three full- 
thickness needle biopsy specimens were obtained from the 
apex of the heart. The biopsy sample for the chemilumi- 
nescence study was immersed in saline solution, immedi- 
ately frozen, and rushed to the laboratory. The specimen 
for the study of succinic dehydrogenase activity was 
frozen in an empty beaker. The third biopsy specimen, for 
electron microscopy, was immersed in cold 3% glutaralde- 
hyde in 0.1 mol/L phosphate buffer (pH 7.4). 

After placement of the aortic cross clamp, 500 ml of 
Saint Thomas-type cardioplegic solution was injected at 
80 mm Hg, into the aortic root. A needle thermistor was 
inserted into the septum for continuous monitoring of the 
myocardial temperature, which ranged from 18° to 22° C. 
There were 2.8 + 0.3 grafts per patient. After completion 
of the distal anastomoses, the aortic cross clamp was 
removed and the heart was defibrillated. The average 
aortic cross-clamp time was 55 + 5 minutes. In most 
instances one countershock was necessary for the heart to 
return to sinus rhythm (mean value of applied counter- 
shocks: 1.6 + 0.3). After 10 minutes of reperfusion and 
with the patient rewarmed, three new myocardial biopsy 
specimens were obtained and processed as described 
previously. 

Specimens taken before the ischemic period were desig- 
nated as control and those obtained 10 minutes after the 
aortic cross clamp was removed were designated as reper- 
fusion biopsies. 

Hydroperoxide-initiated chemiluminescence. Biopsy 
specimens (40 mg approximate weight) were homogenized 
in a small Potter-Elvejhem Teflon homogenizer in 2 ml of 
140 mmol/L KC1 and 20 mmol/L phosphate buffer (pH 
7.3). The proteins of the homogenate were assayed by the 
method of Lowry et al., and the homogenate was diluted 
to 1 mg of protein/ml in the same buffer solution. The 


suspension was added to 3 mmol/L tert-butyl hydroperox- 
ide and assayed for chemiluminescence in a Tri-Carb 
model 3320 scintillation counter (Packard Instrument Co., 
Santa Ana, Calif.) in the out-of-coincidence.® 1° 

Succinic dehydrogenase activity. The histochemical 
technique used has been described elsewhere.!! Briefly, 
succinate and nitroblue tetrazolium are added to the 
tissue slice to stain the intracellular granules. A clear 
differentiation between normal cells and those showing 
early damage was obtained by applying Barbeito Lopez 
trichrome stain to the slides. The entire tissue area was 
examined by light microscopy and staining of the granules 
was scored semiquantitatively. We used a scale ranging 
from 0 (no enzyme activity plus yellow cytoplasm) to 4 
(dense concentration of granules and green cyto- 
plasm).! #8 

Electron microscopy. Tissues to be used for transmis- 
sion electron microscopy were fixed in cold 3% glutaralde- 
hyde in 0.1 mol/L cacodylate buffer (pH 7.4), postfixed in 
1% osmium tetroxide, dehydrated, and embedded in 
Araldite. One-micrometer thick sections were cut, stained 
with 1% toluidine blue, and examined for light microscop- 
ic alterations and to select appropriate areas for thin 
sectioning. Ultrathin sections were then stained with lead 
citrate and orange acetate and examined with a Siemens 
Elmiskop 101 electron microscope (Siemens AG, Munich, 
W. Germany). A single score was given for each area, and 
the observations were conducted in a blind manner by two 
different observers. 

For a detailed analysis of organelle changes in the 
myocardial cells, electron micrographs (magnification 
x5000 to X10,000) were examined morphometrically 
under a grid as described by Kloner et al.'* Overall 
myocardial cell injury was ranked independent of mito- 
chondrial structure on a scale of 0 to 4 as follows: 
0 = normal; 1 = minimal ischemic changes (glycogen loss, 
nuclear chromatin clumping, and margination, I bands); 
2 = moderate ischemic changes (as in grade 1, and inter- 
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Fig. 2. Control vs reperfusion biopsies. A, Transmission electron micrographs of control biopsy 
specimen. Mitochondria show normal morphology or early damage. There is clearing of matrix density and 
separation of cristae. Amorphous matrix density and linear density are present. (X30,000.) B, Transmis- 
sion electron micrographs of reperfusion biopsy specimen. Mitochondria show massive swelling and 
rupture of inner and outer membranes (arrow). (30,000.) 


myofibrillar and sarcoplasmic reticular edema); 3 = severe 
ischemic changes (as in grade 2, plus subsarcolemmal 
blebs, sarcolemmal gaps, and marked edema); and 
4=complete architectural disruption (absent sarcolem- 
mal membrane and loss of sarcomere structure). A necrot- 
ic index such as the number of damaged myocytes (grades 
3 and 4)/100 counted myocytes, was used. 

The severity of mitochondrial swelling was also graded 
on a scale of 0 to 4 as follows: 0 = normal mitochondria; 
1 = early swelling (clearing of matrix density and separa- 
tion of cristae); 2 = increased swelling (as in grade 1, but 
more evident); 3 = massive swelling with disruption of 
cristae; and 4 = findings as in grade 3, plus rupture of 
inner and outer mitochondrial membranes. 

When a point on the grid fell on a mitochondrion, this 
mitochodrion was assigned a numerical value of 0 to 4, 
depending on the morphologic degree of damage. A mean 
mitochondrial grade for each cell was obtained. Approxi- 
mately 50 cells per sample and 750 to 1000 mitochondria 
per field were graded in this manner. 

Student’s t test was used to compare the two groups of 
biopsy specimens. 


RESULTS 


The six patients had a satisfactory postoperative 
outcome and did not require treatment with inotro- 
pic drugs. No evidence of perioperative myocardial 


infarction was observed by the appearance of new Q 
waves in the ECG or by increased values for serum 
creatine phosphokinase. The average interval 
between surgery and discharge was 7 days. 

Hydroperoxide-initiated chemiluminescence. Fig. 1 
shows a markedly increased (approximately 3.5 
times) hydroxyperoxide-initiated chemilumines- 
cence in the reperfusion samples compared to the 
control samples. The mean value for the six control 
samples was 40 + 2 (cpm/mg protein) X 10° and for 
the six reperfusion samples, 91 + 19 (cpm/mg pro- 
tein X 10° (p < 0.025). 

Succinic dehydrogenase activity. Reperfusion sam- 
ples had a mean value of 2.6, whereas all of the 
control samples had a score of 4.0. 

Electron microscopy 

Qualitative analysis. The morphologic changes in 
the reperfusion biopsy specimens consisted of focal 
myofibrillar disorganization with myocytolysis, sar- 
coplasmic vacuolization, and mitochondrial swelling 
or disruption (Fig. 2). Distension of sarcoplasmic 
reticulum and T tubules was frequently seen and 
diffusely scattered in damaged myocytes. Mitochon- 
dria showing swelling, clearing of matrix density, 
and separation of cristae with granular and linear 
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Table I. Morphometric analysis of electron micrographs (X5000 and X10,000) by stereologic count point methods 








Grade Grade Grade 

Biopsies 0 1 2 
Control EEIT 36 £-Ff Ths ba 
Reperfusion 15 * 40 +17 on os 


Grade Grade Total cell Necrotic 
3 4 damage index 

5+1f 0 57 + 2* SET 

IE AET 86 + 1* ED 1 





Grade indicates percentage of myocardial cell damage (see Methods for explanation); values are expressed as mean + standard error of mean; 


p = Probability. 
*p < 0.001. 
tp < 0.025. 


Table II. Mitochondrial changes in injured myocytes 





No. of No. of damaged 
checked mitochondria % of Damaged 
Biopsies mitochondria (grades 3 to 4) mitochondria 
Control 824 + 35 93 +9 11.16 + 0.67 
Reperfusion 790 + 22 244 + 18 30.80 + 1.72 
p NS <0.001 <0.01 





Values are expressed as mean + standard error of mean; grade indicates 
grade of mitochondrial damage (see Methods for explanation); p = proba- 
bility; NS = not significant. 


densities or myeline figures and membrane disrup- 
tion were observed in the most advanced stages. 

Quantitative analysis. Morphologic quantitative 
analysis of the biopsy specimens showed that the 
reperfusion samples were significantly more dam- 
aged than the control samples. Values for the 
necrotic index and total cell damage were 15/100 
and 86/100, respectively, for the reperfusion biopsies 
compared to the corresponding values of 5/100 and 
56/100 for the control biopsies (Table I). The num- 
ber of severely swollen mitochondria (grades 3 and 
4) was also significantly higher in the perfusion 
samples (30.9%) than in the control specimens 
(11.3%) (Table II). 


DISCUSSION 


Open-heart surgery with interruption of coronary 
blood flow frequently leads to structural, biochemi- 
cal, and functional alterations of the myocardium. It 
has been shown that these changes occur mainly 
during the reperfusion period.®* 116 

Although topical hypothermia combined with 
cold potassium cardioplegia has demonstrated an 
extended myocardial protective effect,!” ° the capa- 
bilities are limited. To enhance myocardial protec- 
tion, alternate techniques that add oxygenated crys- 
talloid, blood, or calcium blocking agents to the 
cardioplegic solution are widely used.”™?”! However, 
when the ischemic period is prolonged, histochemi- 
cal and structural changes are apparently always 


present. Experimental studies over the past few 
years have indicated a major role of oxygen-derived 
free radicals as the cause of cell damage in cycles of 
ischemia and reperfusion in mammalian organs*” 
and in cardiac surgery.” 

Oxygen free radicals have an extremely short life 
and, hence, they are exceedingly difficult to assay.’ 
A classical approach to detection of free radical 
generation is based on assessment of lipoperoxida- 
tion. This has been achieved in the past by assay of 
malondialdehyde, a byproduce of lipid peroxida- 
tion,” or more recently by measurement of chemi- 
luminescence.” * 6 77 

Chemiluminescence is the photoemission of ex- 
cited molecules generated in end reactions of the 
peroxy-free radicals produced during lipoperoxida- 
tion and constitutes a reliable method for determin- 
ing the presence of these metabolites in vivo.” ?® 
Moreover, for in vitro assays, chemiluminescence 
appears to have a higher sensitivity than malondial- 
dehyde formation.” We have selected hydroperox- 
ide-initiated chemiluminescence to test the hypoth- 
esis that production of oxygen-derived free radicals 
during reperfusion is associated with myocardial 
injury in patients undergoing cardiac surgery. 

Tissue homogenates and suspensions of subcellu- 
lar fractions show chemiluminescence when added 
to external hydroperoxides.®* "8 Hydroperoxide- 
initiated chemiluminescence has been used to detect 
decreased levels of endogenous antioxidants in liver 
homogenates from ethanol-treated rats® and from 
tumor-bearing mice® and in heart homogenates 
from Adriamycin-treated rabbits and mice.!®! The 
assay seems to be adequate for organs in which 
increased lipid peroxidation has occurred.® ® 30.31 
Accordingly, the increased chemiluminescence 
observed with reperfusion biopsies would indicate a 
decreased level of antioxidants derived from oxida- 
tive stress imposed on the myocardium during the 
ischemia-reperfusion cycle. 

Cell damage was assessed both by ultrastructural 
study of myocytes and mitochondria and by histo- 
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chemical determination of succinic dehydrogenase 
activity. Decrease in the activity of this enzyme is a 
current method for showing a decrease in the capac- 
ity of the mitochondria to generate metabolic 
energy.!+! A relatively preserved ultrastructure 
with high succinic dehydrogenase activity was char- 
acteristic of the preischemic control samples. How- 
ever, reperfusion biopsy specimens showed a 
decrease in succinic dehydrogenase activity and an 
increase in the degree of ultrastructural damage. A 
close correlation was observed between increases in 
mitochondrial damage and hydroperoxide-initiated 
chemiluminescence after completion of the isch- 
emia-reperfusion cycle. 

The six patients had normal hemodynamic 
parameters in the postoperative period, probably 
because the ischemic time was not substantially 
prolonged. This also points out the effectiveness of 
standard cardioplegic techniques. Apparently, the 
histochemical, structural, and biochemical altera- 
tions reported here indicate minor and reversible 
myocardial damage. However, these lesions may be 
sufficient to induce postoperative arrhythmias” or 
show a predisposition to low myocardial output 
syndrome in those patients with impaired ejection 
fractions. 

The role of oxygen-derived free radicals as an 
important source of cell damage during reperfusion 
has been demonstrated up to the present time in 
experimental models. This study indicates that a 
decrease in tissue antioxidants, probably as a result 
of an increased rate of generation of oxygen-derived 
free radicals accompanies myocardial damage after 
reperfusion in patients undergoing open-heart sur- 


gery. 
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Fiberoptic study on the effects of transluminal 
angioplasty in experimental occlusive arterial 


thrombosis 


Percutaneous transluminal coronary angioplasty has been proposed as definitive therapy for 
coronary recanalization of occluded coronary arteries in patients with acute myocardial infarction 
(AMI). The effects of transluminal angioplasty (TA) on experimental occlusive canine arterial 
thrombi that closely simulated the clinical condition was examined by a fiberoptic method. 
Experimental arterial thrombosis was produced by endothelial denudation and induction of 
luminal stenosis. Eighteen dogs that showed total occlusion of the iliac artery with thrombi were 
evaluated. Seven dogs (group A) with 6-hour-old thrombi received 20,000 IU/kg intravenous 
urokinase (UK) but did not show recanalization. TA was performed with a Gruentzig or 
Simpson-Robert balloon catheter and its effect was evaluated by a vascular fibroscope. Eight 
dogs (group B) with 6-hour-old thrombi underwent primary TA. After TA, less than 50% luminal 
obstruction with residual thrombi was visualized in five dogs (71%) of group A and four dogs 
(50%) of group B. Residual thrombi showed a doughnut-like or globular type shape and consisted 
of dense fibrin networks and compact platelet aggregates. All dogs in group B received 20,000 
IU/kg intravenous UK after TA, but most of them showed progression of thrombus size despite 
UK infusion. In conclusion, the results suggest (1) that TA is effective in recanalization of an 
occluded artery with aged thrombus that is resistant to thrombolytic therapy and (2) that vascular 
fiberscope is a useful method for evaluation of the effects of TA on occlusive arterial thrombus. 


(Am Heart J 1988;115:312.) 


Takanobu Tomaru, Yasumi Uchida, and Tsuneaki Sugimoto. Tokyo, Japan 


Percutaneous transluminal coronary recanalization 
(PTCR) has been widely used to dissolve the coro- 
nary thrombi and restore coronary flow in patients 
with acute myocardial infarction (AMI).'* However, 
in most cases, significant coronary stenosis remains 
after the treatment. To open persisting high-grade 
atherosclerotic stenosis in AMI patients, percutane- 
ous transluminal coronary angioplasty (PTCA) has 
been used after thrombolytic therapy.® © PTCA has 
also been recommended as initial therapy for coro- 
nary recanalization of coronary arteries occluded 


From the Second Department of Internal Medicine, University of 
Tokyo. 


Received for publication May 26, 1987; accepted Aug. 21, 1987. 


Reprint requests: Takanobu Tomaru, M.D., 2nd Department of Internal 
Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, Japan. 


312 


with atherosclerosis and thrombi.*!! Compared with 
PTCR with urokinase (UK) or streptokinase (SK), 
which often results in a tendency to bleeding, prima- 
ry PTCA is often beneficial because it can restore 
coronary flow without the use of thrombolytic 
agents. 

Recently, the vascular fiberscope (angioscope) has 
been used for direct visualization of the coronary or 
peripheral arteries in clinical or experimental condi- 
tions,’ and it is considered a useful method for 
direct visualization of arterial recanalization. In this 
study, we report an initial experience with direct 
fiberoptic visualization of transluminal angioplasty 
(TA) of experimental occlusive canine arterial 
thrombi that closely simulated the clinical condi- 
tion. 
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Fig. 1. Schematic representation of the instruments in this study. S = Sigma motor pump. 
METHODS 


Twenty-one mongrel dogs of either sex, each weighing 
from 7.5 to 14 kg, were anesthetized with sodium pento- 
barbital (35 to 40 mg/kg). After medial incision of the 
abdomen, the abdominal and common iliac arteries on 
both sides were dissected from surrounding tissue. The 
abdominal aorta was clamped distal to the renal arteries 
and both femoral arteries were ligated. After all peripheral 
branches between iliac arteries and aorta were ligated, No. 
9 French catheter sheaths were inserted in a retrograde 
fashion into both external iliac arteries. Both catheter 
sheaths were connected to a perfusion system and were 
perfused at a constant flow rate (25 ml/min) by a Sigma 
motor pump (Sigma, Inc., Medina, N.Y.). A thin vascular 
fiberscope (outer diameter 1.8 mm, Olympus Co. Ltd, 
Hamburg, W. Germany) was inserted from the left sheath, 
and the lumen of the left common iliac artery was 
photographed on color film or 16 mm cine film (25 
frames/sec). 

Formation of arterial thrombosis. After photography of 
the internal surface of the artery, a balloon-tipped pulmo- 
nary artery catheter (No. 7 French) was inserted into the 
proximal portion of the left common iliac artery, the 
balloon of the catheter was inflated with air, and it was 
pulled back for about 1 cm. The endothelium of the artery 
was denudated by this procedure and luminal stenosis up 
to about 50% of the initial luminal area in percent 
cross-sectional area was induced with thread. An electro- 
magnetic flowmeter was placed more proximally to the 
narrowed segment to monitor iliac arterial flow. Then 
blood was perfused into the common iliac arteries. The 


arterial lumen was visualized 30 minutes after induction 
of luminal stenosis. During the fiberoptic visualization, 
the blood was replaced with 37° C oxygenated Krebs- 
Henseleit solution. Photos thus obtained were used for 
calculation of the percent luminal obstruction with throm- 
bi as follows. The stenotic segment before blood perfusion 
(A) was calculated, and after thrombus was formed, the 
area not occupied by the thrombi (B) was also calculated. 
A-B/A X 100 was called the percent luminal obstruction. 
Marked decrease of iliac flow was regarded as total 
obstruction (less than 10% of the initial flow). When the 
arterial lumen was totally obstructed, the thrombus was 
visualized by the vascular fiberscope during infusion of 
oxygenated Krebs-Henseleit solution from the left 
sheath. 

Thrombolysis and transluminal angioplasty. Three 
dogs did not show total occlusion of the iliac artery with 
thrombi. The remaining 18 dogs showed total occlusion of 
the iliac artery with thrombi within 5 hours after induc- 
tion of stenosis, and three dogs died within 6 hours after 
total occlusion of the iliac artery. Therefore, 15 dogs with 
total occlusion of the iliac artery with 6-hour-old thrombi 
were evaluated. In these 15 dogs, total occlusion of the 
iliac artery with thrombi remained for 6 hours after 
formation of total occlusion. These dogs were separated 
into two groups. In group A, seven dogs with 6-hour-old 
thrombus received an intravenous infusion of 20,000 
IU/kg UK for 30 minutes following a bolus infusion of 100 
U/kg of heparin. If recanalization was not obtained within 
30 minutes after initiation of UK infusion, TA, with the 
use of a 3 mm diameter Simpson-Robert or Gruentzig 
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Fig. 2. Fiberoptic observation of effects of TA on occlu- 
sive arterial thrombus. Left upper half, After endothelial 
denudation and induction of luminal stenosis, white bel- 
low-like appearance of endothelial lumen is visualized. 
Right upper half, Six hours after formation of occlusive 
thrombus, total occlusion of the stenosed segment with 
reddish thrombus is visualized from its tail. Left lower 
half, Tip of Gruentzig balloon catheter is penetrating the 
thrombus. Right lower half, After TA, artery is recanal- 
ized and doughnut-like shaped residual thrombus 
remains. 


balloon catheter for PTCA, was performed. As shown in 
Fig. 1, a guidewire was pushed into the occlusive thrombus 
through a guiding catheter from the right sheath. The 
balloon catheter was then advanced to the occlusive region 
and the balloon was inflated three to four times with 6 
atmospheres of pressure to compress the thrombus and 
open the obstructed lesion. After the final inflation, the 
vascular lumen was visualized and photographed. Then 
the artery was reperfused with blood. The vascular lumen 
was visualized 30 minutes, 1 hour, and 3 hours after the 
reperfusion. 

In another group of eight dogs (group B), primary TA 
was performed following a bolus intravenous infusion of 
100 U/kg of heparin. Then the luminal changes of the 
occlusive lesion were visualized and photographed. Then 
20,000 IU/kg of UK were infused intravenously for 30 
minutes. The vascular lumen was visualized 30 minutes, 1 
hour, and 3 hours after the blood reperfusion. 

After the final observation, the left common iliac artery 
was removed, immediately fixed with 10% formalin, and 
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Table I. Luminal changes after transluminal angioplasty 
(number of preparations) 





Percent luminal 
obstruction 
with thrombi 


Group A (n = 7) Group B (n = 7) 





0-25 
25-50 5 4 
50-75 1 3 
75-99 1 
100 





n = number of examined preparations. 


Table Il. Luminal changes after transluminal angioplasty 





Time after initiation of UK infusion 





Percent luminal 
obstruction 
with thrombi 


30 min ERr 
(n=7) (n=7) 


3 hrs 
(n= 5) 


0 (control) 
(n=7) 


0-25 
25-50 4 
50-75 3 

75-99 
100 3 3 


AN 
= 





UK = urokinase; n = number of examined preparations. 


stained with hematoxylin and eosin, Azan, or PTAH stain. 
The fibrin network was assessed with PTAH stain. 


RESULTS 


Fifteen dogs were evaluated for thrombolysis and 
TA study. 

Thrombus formation and effects of UK. Recanaliza- 
tion was not observed in the totally occluded iliac 
artery in any of the seven dogs of group A, which 
received 20,000 IU/kg of intravenous UK infusion. 
Thus none of the 6-hour-old thrombi responded to 
thrombolytic therapy. 

Transluminal angioplasty. TA was performed in all 
seven dogs of group A and in all eight dogs of group 
B. Figs. 2 and 3 show the fiberoptic observation of 
TA of occlusive thrombi. During balloon inflation, 
the stenosed lesion was completely occupied by the 
balloon and the thrombi were compressed to the 
vessel wall. As Table I shows, less than 50% luminal 
obstruction with thrombi were observed in five 
(71%) of the seven dogs in group A and in four 
(50%) of the eight dogs in group B after TA. More 
than 75% luminal obstruction with thrombi 
remained in one dog in group A. Residual thrombi 
showed doughnut or eccentric globular type shapes 
(Figs. 2 and 3). Thrombi were reddish and were 
often mixed with a white fibrin network. 
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Fig. 3. Fiberoptic observation of TA. Left, Tip of Gruentzig balloon catheter is penetrating the thrombus 
along the vessel wall. Right, After angioplasty, eccentric globular residual thrombus remains. 

Fig. 4. Effects of UK on the residual thrombus. Left, After transluminal angioplasty, residual reddish 
thrombus is visualized. Right, Thirty minutes after UK infusion, the residual thrombus is not reduced in 


size. 


Thrombolytic effects of UK on the residual thrombi 
after TA. In eight dogs of group B, 20,000 IU/kg of 
UK were administered intravenously after visualiza- 
tion of the residual thrombi after TA. One dog died 
within 1 hour after recanalization and those data 
were excluded from the study. 

As Table II shows, four dogs showed 50% to 75% 
luminal obstruction, two dogs showed 25% to 50% 
obstruction, and one dog showed 75% to 99% 
luminal obstruction 30 minutes after UK infusion 
(Fig. 4). One hour after UK infusion, six dogs 
showed more than 75% luminal obstruction and 
three dogs showed total occlusion. Three hours after 
UK infusion, three dogs showed total occlusion. 
There was only one dog that showed transient 


decrease in residual luminal obstruction with throm- 
bus after UK infusion. 

Histopathology of vessel and thrombi after TA. The 
residual thrombi consisted of dense fibrin networks 
and abundant platelet aggregates incorporating few 
blood cells (Fig. 5). Disruption of elastic fibers was 
observed in the vessel wall. However, complete 
rupture of the media or dissecting aneurysm did not 
occur. 


DISCUSSION 


Thrombolytic therapy is used as a means of 
achieving early coronary reperfusion in AMI 
patients,'* but it has been reported to be ineffective 
in a majority of patients with AMI more than 6 


316 Tomaru, Uchida, and Sugimoto 





Fig. 5. Photomicrograph of residual thrombus consists 
of compact amorphous material (aggregated platelets) and 
dense fibrin networks incorporating few blood cells. (Azan 
stain; original magnification X20.) 


hours after the onset of symptoms, suggesting that 
the aged thrombi may be resistant to thrombolytic 
therapy. On the other hand, residual high-grade 
stenosis, which is often observed after PTCR, was 
considered a major cause of coronary reocclusion.*? 
PTCA has been used to open the residual stenosis 
or to recanalize a coronary artery occluded with 
thrombi as the initial therapy of AMI.*"! Pepine et 
al.” reported that the material comprising the occlu- 
sion seemed to be soft and was easily dilated. 
Coronary thrombosis occurs frequently superim- 
posing on the atheromatous stenotic coronary 
regions. PTCA can theoretically recanalize the 
occluded coronary artery by penetration of the 
guidewire, followed by luminal dilatation with infla- 
tion of the balloon catheter in those patients in 
whom PTCR has failed. Thus PTCA is effective, not 
only in reducing the size of the occlusive thrombi, 
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but also in dilatation of the residual coronary 
lumen. 

Angiographic techniques have been used to evalu- 
ate the effects of PTCA, but they could not differ- 
entiate between thrombus and atheromatous 
plaques. The vascular fiberscope (angioscope) can 
theoretically provide visualization of the vascular 
lumen!” and it can also differentiate occlusion with 
thrombi from occlusion from other causes, i.e., 
spasm or atherosclerotic plaques. There have been 
no reports on fiberoptic observations of the effects 
of TA upon occlusive arterial thrombi. To evaluate 
these effects, it is necessary to produce experimental 
occlusive arterial thrombus that simulates a clinical 
condition and is different from artificial thrombi 
produced by a copper coil” or by other tech- 
niques. !*7! 

In this study, we produced experimental arterial 
thrombi by endothelial denudation and induction of 
luminal stenosis, which closely simulates the clinical 
condition, and evaluated the effects of TA on the 
experimental aged thrombi with a vascular fiber- 
scope. Fiberoptic examination revealed that none of 
the totally occluded vessels with 6-hour-old thrombi 
responded to thrombolytic therapy with UK, but 
were recanalized by TA. Percent luminal obstruc- 
tion with residual thrombi at the site of the occlu- 
sion ranged from 25% to 80% in cross-sectional area 
of the control sample. Thus, recanalization was 
successful in all preparations, but doughnut-like or 
eccentric globular-shaped residual thrombi re- 
mained after angioplasty. Thrombolytic therapy fol- 
lowing angioplasty was performed in eight dogs that 
underwent primary TA of the artery occluded with 
thrombi. However, intravenous infusion of 20,000 
IU/kg of UK failed to reduce the thrombus size in 
the majority of preparations. Residual thrombi con- 
sisted of dense fibrin networks and compact platelet 
aggregates with relatively few blood cells, and they 
seemed to be resistant to thrombolytic therapy. 

In clinical cases, residual stenosis is reported to 
range from 0% to 50% after PTCA of coronary 
thrombosis.*"' Although there is a difference in the 
evaluation of luminal stenosis between angiographic 
(dimension of luminal diameter) and fiberoptic (di- 
mension of cross-sectional area) methods, the degree 
of residual stenosis was higher in our study. In 
clinical cases of AMI, coronary thrombi are formed 
on the segment stenosed with atherosclerosis and 
occlusive lesions consist of both atheroma and 
thrombi. Therefore, coronary recanalization is 
obtained by penetration and dilatation of the occlu- 
sive thrombi followed by dilatation of the atheroma- 
tous stenotic lesion. Thus, dilatation of the coronary 
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arterial lumen is mainly attributable to compression 
of the atheromatous lesion. This may explain the 
difference in the degree of residual luminal obstruc- 
tion between our study and clinical reports. 

The following conclusions seem warranted. (1) 
Transluminal angioplasty was effective in recanali- 
zation of the artery occluded with aged thrombi that 
were resistant to thrombolytic therapy. (2) The 
vascular fiberscope is a useful method for evaluation 
of TA of the occlusive thrombi. (3) Aged thrombi 
that were resistant to thrombolytic therapy con- 
sisted mainly of dense fibrin networks and compact 
platelet aggregates. (4) Residual thrombi usually 
remained after TA, causing residual luminal 
obstruction. 
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Balloon pulmonary valvotomy: Palliation for 


cyanotic heart disease 


Balloon pulmonary valvotomy was attempted in eight children with cyanotic congenital heart 
disease and pulmonic stenosis who were scheduled for a palliative procedure (shunt). In seven 
patients the balloon could be positioned across the pulmonary anulus, and valvotomy was 
performed. Five of the patients had tetralogy of Fallot with multiple levels of pulmonary outflow 
obstruction. For all patients in whom the balloon could be properly positioned the valvotomy was 
successful, as judged by arterial hemoglobin saturation, which increased from 72% + 5% to 
83% + 5% (p < .005). Valvotomy was followed by an immediate rise in mean pulmonary artery 
pressure (12.6 + 2.8 to 18.3 + 4.8 mm Hg, p < 0.05) and a decline in hematocrit level at 2 
months (54% + 5% to 47% + 4%, p < 0.05). There was no mortality or complication from the 
valvotomy, and the need for a systemic to pulmonary artery shunt was eliminated in six of eight 
patients. Follow-up has ranged from 0.5 to 2.8 years. This trial indicates that balloon pulmonary 
valvotomy can be safely performed and is effective palliation in selected patients with cyanotic 
heart disease that is not suitable for primary repair. The increased pulmonary flow may improve 
oxygenation and growth of the pulmonary arteries without the need of a systemic to pulmonary 


artery shunt. (Am Heart J 1988;115:318.) 


Mark M. Boucek, M.D., Holly E. Webster, M.S.N., Garth S. Orsmond, M.D., and 


Herbert D. Ruttenberg, M.D. Salt Lake City, Utah 


Pulmonary valvar stenosis is frequently present in 
cyanotic congenital heart disease and reduced pul- 
monary blood flow. Pulmonary valvar obstruction 
occurs in the majority of patients with tetralogy of 
Fallot (TOF)! and may be the only functional site 
of obstruction in 15% of cases.? Pulmonic stenosis 
(PS) may also occur with dextrotransposition or 
levotransposition and with a single ventricle. It has 
been difficult to assess the relative contribution of 
valvar, infundibular, or supravalvar obstruction 
with TOF before operation.*® 

Most patients with cyanotic heart disease can 
have the condition repaired primarily, but if pallia- 
tive procedures are required, this has generally 
involved creation of a systemic to pulmonary artery 
shunt.® Historically, however, a number of reports” 
have demonstrated good results in TOF with closed 
pulmonary valvotomy and in some infundibular 
resections. The long-term results with valvotomy for 
TOF have compared favorably with systemic to 
pulmonary artery shunt,” but a greater early mor- 
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tality with valvotomy has led most physicians to use 
the Blalock-Taussig shunt or its variants.’ Despite 
advances in surgical techniques for primary repair of 
TOF," some patients with cyanotic heart disease 
are not suitable for primary repair because of com- 
plex anatomy or coexistent disease and require 
palliation. Because pulmonary valvotomy for iso- 
lated PS can be performed safely with balloon 
techniques,'* '’ we studied the efficacy and safety of 
balloon pulmonary valvotomy for palliation of cya- 
nosis in cyanotic heart disease with PS, which is not 
suitable for primary repair. 


METHODS 


Patient selection and design. We studied eight 
patients with cyanotic heart disease and PS in a prospec- 
tive clinical trial. All patients required intervention for 
increasing cyanosis, and after surgical consultation were 
believed to be poor candidates for primary repair and thus 
were scheduled for a shunt procedure. Pulmonic valve 
obstruction was defined either angiographically or by the 
presence of a discrete pressure gradient (>40 mm Hg) at 
the pulmonary valve. Infundibular and supravalvular 
pulmonary outflow obstruction was defined angiographi- 
cally as mild if there were a 50% reduction in lumen, 
moderate if the narrowing were 50% to 75%, and severe if 
greater than 75%. The eight patients included five with 
TOF, one with corrected transposition, ventricular septal 
defect (VSD), and PS, and two with dextrotransposition, 
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Table I. Patient characteristics 





Level of pulmonary obstruction* 
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Balloon size 








Age Anulus (maximum Follow-up 
Patient (yr) Diagnosis Associated lesions Infundibular obstruction Valve Supra (mm) [mm]) (yr) 
1 0.33 TOF BPD Moderate to severe Moderate — 8 8 0.9 
(Repair) 
2 0.75 TOF Hypoplastic Moderate to severe Moderate Mild 9 10 1.0 
pulmonary (Repair) 
arteries 
3 0.92 TOF Hypoplastic left Moderate Moderate Moderate to 9 8 0.92 
ventricle severe (Shunt) 
4 1:58), -TOE Hypoplastic Moderate Moderate Moderate 11 8 0.43 
pulmonary (Repair) 
arteries 
5 1.66 TOF ALAD Moderate Severe — 11 10 2.4 
(Repair) 
6 2.08 d-TOGV Restrictive VSD Moderate Severe —- 9 8 0.5 
a 2.25 d-TOGV Restrictive VSD Severe Severe — 9 — — 
(Surgery) 
8 2.75 1l-TOGV VSD, Moderate Severe — 11 12 2.8 
dextroversion 











Abbreviations: TOF = tetralogy of Fallot; BPD = bronchopulmonary dysplasia; ALAD = anomalous origin of left anterior descending coronary artery; 
d-TOGV = dextrotransposition of great vessels; VSD = ventricular septal defect; 1-TOGV = levotransposition of great vessels. 


*—Estimated angiographically. 


VSD, and PS (Table I). Three of the five patients with 
TOF had moderate to severe infundibular obstruction. 
The patients ranged in age from 0.33 to 2.75 years (Table 
I) and in weight from 4.6 to 14 kg (mean 9.2 kg). Primary 
repair was not indicated because of complicated anatomy 
(three patients), including subjectively evaluated hypo- 
plastic pulmonary arteries (two patients), anomalous ori- 
gin of the left anterior descending artery (one patient), 
hypoplastic (<75% of normal) left ventricle (one patient), 
or coexistent disease such as bronchopulmonary dysplasia 
(one patient). Informed consent was obtained after 
explaining the known and potential risks of balloon 
valvotomy and presenting the option of surgical pallia- 
tion. 

Technique. Cardiac catheterization was performed with 
premedication and local anesthetics. The inguinal vessels 
were entered percutaneously, and the venous catheter (5F 
to 7F) was then manipulated into the pulmonary infun- 
dibulum or pulmonary artery for angiographic evaluation 
of the outflow tract (Fig. 1). Seven of the eight children 
were heparinized. Calibration blocks were included to 
measure the pulmonary annular size. A balloon wedge 
catheter was then inserted and advanced into a distal 
pulmonary vessel and exchanged over a wire to a size that 
would allow placement of a 0.038 inch wire in the distal 
pulmonary vascular bed. An angioplasty catheter (Medi- 
Tech, Watertown, Mass.; Mansfield, Mansfield, Mass.) 
was then advanced over the guide wire and positioned 
across the pulmonary anulus. The balloon size was initial- 
ly determined at 80% to 100% of the smallest angiograph- 
ic measured pulmonary annular or main pulmonary artery 
size. 

The balloon valvotomy was performed with biplane 


fluoroscopic imaging and an inflation-deflation cycle of 
approximately 10 seconds. If there were no change in 
pulmonary artery pressure or arterial oxygen saturation 
after the initial dilation, a balloon catheter 2 mm larger 
was inserted and the dilation repeated. Repeat hemody- 
namic measurements were then obtained at 30 minutes, 
the catheters were removed, and hemostasis was obtained 
by compression. The patients were hospitalized overnight 
for observation. Follow-up hemoglobin and hematocrit 
values were obtained at 2 months. Results of balloon 
valvotomy were compared with values before valvotomy 
with a paired ż test. A p value of less than 0.05 was chosen 
to indicate a significant change from baseline value. 


RESULTS 


There was no mortality or significant morbidity 
from the procedure. None of the children required a 
transfusion or surgery immediately after the proce- 
dure. All were discharged within 24 hours of admis- 
sion. Three patients had cyanotic episodes associ- 
ated with the sedation and catheterization. These 
episodes were managed with either morphine sul- 
fate, propranolol, or phenylephrine, and all three 
patients received supplemental oxygen by face 
mask. None of the children had a cyanotic episode 
after balloon valvotomy; indeed the cyanotic spells 
in three patients were terminated by balloon valvot- 
omy. One infant was receiving propranolol before 
the catheterization, and the drug was continued 
after discharge. The remaining patients were dis- 
charged without medication. 
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Fig. 1. Right ventricular outflow angiogram in antero- 
posterior projection from patient 5, showing infundibular 
and valvar pulmonic stenosis. 


In seven of eight patients the balloon angioplasty 
catheter could be manipulated across the pulmonary 
valve, and a valvotomy was performed. In the 
remaining patient who had dextro-transposition, a 
pressure restrictive VSD, and severe subvalvar and 
valvar PS, the balloon catheter could not be posi- 
tioned across the pulmonary anulus, despite a 0.038 
in wire that was positioned in the distal pulmonary 
artery, and therefore a valvotomy could not be 
performed. This was the first patient studied, and a 
soft extrusion catheter was not available at that 
time. Soft extrusion catheters were subsequently 
used in all patients. A single dilation was performed 
in four patients. In the other three patients a second 
dilation was done with the next larger balloon size. 
The mean maximum balloon size was 9.3 mm, and 
the mean pulmonary annular size was 9.8 mm. This 
pulmonary annular size was less than the normal 
size based on body surface area and would have a 
95% likelihood of requiring a transannular patch at 
surgical repair of TOF." All patients had a pulmo- 
nary anulus size that was less than the predicted 
normal. 

The procedure was well tolerated in all patients 
with only a transient decrease in arterial saturation 
while the balloon was inflated. The arterial satura- 
tion quickly recovered after deflation to greater 
values than before valvotomy. Hypotension was not 
seen since the VSD provided an outlet during the 
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period of balloon obstruction of the pulmonary 
valve. For four patients in whom a pressure gradient 
could be recorded across the pulmonary valve, the 
gradient decreased from a mean of 74 to 30 mm Hg. 
Pulmonary insufficiency was not detected by Dopp- 
ler echocardiography in any patient. 

The hemodynamic measurements before and 
after valvotomy are shown in Table II. The predila- 
tion systemic arterial saturation was 72% + 5% 
(mean + SD); the arterial saturation increased to 
83% + 5% after valvotomy. The estimated pulmo- 
nary blood flow increased by 70% (p < .05), and the 
mean pulmonary artery pressure increased by 45% 
(p < 0.005). In five of the patients a net right-to-left 
shunt was changed to a net left-to-right shunt 
(pulmonary arterial/right atrial saturation ratio 
>1.1) with a mean saturation ratio of 1.17:1 in 
patients for whom this could be calculated. The 
mean hematocrit level before valvotomy was 54% 
and had decreased to 47% by 2 months afterward. 
One patient, however, was iron deficient, which 
explained the low initial hematocrit value of 44%. 
The hematocrit level after valvotomy in this patient 
was 47% with normal red cell indexes. Also, in one 
patient the initial hematocrit level of 50% was 
during long-term oxygen administration at home, 
which was discontinued after the valvotomy. 

Follow-up. The seven patients who underwent 
balloon valvotomy have had follow-up from 0.50 to 
2.8 years (mean 1.3 years). Five have undergone 
subsequent surgical procedures. In four patients 
repair of TOF was achieved 2.4, 1.0, 0.9, and 0.43 
years after the valvotomy. In these four patients a 
bicuspid pulmonic valve was identified at surgery 
with a tear along one of the fused commissures. The 
fifth patient underwent a systemic to pulmonary 
artery shunt 0.9 years after the valvotomy. Two 
patients have not required surgery, with a follow-up 
period from 0.50 to 2.8 years. In the two patients 
initially believed to have a hypoplastic pulmonary 
arterial tree, the right pulmonary artery diameter 
increased from 64% and 74% of the descending 
aortic diameter at the diaphragm to 117% and 85%, 
respectively, at restudy 1.0 (Fig. 2) and 0.43 years 
later. 


DISCUSSION 


Valvar PS may be an important component of 
reduced pulmonary blood flow in cyanotic congeni- 
tal heart disease. It has been shown that surgical 
relief of PS can palliate patients with TOF and PS.’ 
Most centers, however, currently have abandoned 
palliative procedures altogether for cyanotic heart 
disease, including TOF, whenever possible and have 
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Fig. 2. Right ventricular angiogram in frontal projection before (A) and 1 year after (B) valvotomy in 
patient 2, showing reduction in right to left shunt and growth of hypoplastic pulmonary arterial tree. Large 
arrows indicate right pulmonary artery, which doubled in absolute and relative size between studies. Small 


arrows indicate ascending aorta. 


Table II. Effects of pulmonary valvotomy 








Mean pulmonary 


Pulmonary valve 








artery pressure Pulmonary flow gradient 
Aortic saturation (mm Hg) (L/min/m?) PA/RA ratio (mm Hg) Hematocrit level 
Pa- 
tient Before After Before After Before After Before After Before After Before After 
1 70% 83% 12 t9 1.9 2.6 1.02 1.14 76 20 50% * 45% 
2 69% 74% 12 18 1.6 1.8 0.5 1.13 50 20 56% 52% 
3 65% 82% 11 20 1.25 2.5 0.86 0.92 o 56% 52% 
4 19% 83% 17 22 2.3 Zit 0.99 1.14 — 44% 47% 
5 76% 87% g 12 1.5 2.33 1.0 1.07 80 36 57% 45% 
6 71% 79% 11 12 3.2 5.2 — — 59% 49% 
8 74% 91% 16 25 1.43 5.3 0.98 1.25 90 45 52% 43% 
Mean 72+5% 83+5%t 12.6428 18.3+4.8t 1.88+0.67 3.2+1.4§ 0.89+0.2 11+0.1§ 74417 30+12f 583% +4% 47% +3%§ 
+SD 








Abbreviations: PA/RA ratio = pulmonary artery/right atrial saturation ratio. 
*Long-term oxygen therapy. 

tIron deficient. 

tp < 0.005. 

§p < 0.05 compared with values before valvotomy. 


performed primary repair. Primary repair of TOF 
in infancy has usually required a transannular 
patch, which may influence mortality and long-term 
morbidity.’* 1% 2 

The patients for this study were selected because 
of increasing cyanosis with unsuitable anatomy or 
risk for primary repair and thus required a palliative 
shunt procedure. Balloon pulmonary valvotomy pro- 
vided successful palliation of the cyanosis. During 
the period of palliation the coexistent bronchopul- 
monary dysplasia resolved sufficiently in one 
patient to allow for surgical correction, and growth 
of the pulmonary tree in another patient (Fig. 2) 


allowed for repair without pulmonary reconstruc- 
tion. One patient grew enough so that surgical 
correction could be performed, despite the anoma- 
lous left anterior descending artery. Only one of 
these patients required additional palliation before 
surgical repair. One patient with TOF underwent a 
systemic to pulmonary artery shunt 0.9 years after 
valvotomy, since there was persistent hypoplasia of 
the pulmonary arterial bed and hypoplasia of the 
left ventricle. Thus this patient’s condition was still 
thought to be unsuitable for repair, and the balloon 
valvotomy did not prevent the ultimate need for a 
palliative shunt. It is possible that a larger balloon 
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size (100% of the anulus) would have provided 
better long-term results in this patient. 

The balloon valvotomy technique appears to be 
safe and by appropriate choice of balloon size does 
not result in excessive pulmonary flow.”' Excessive 
flow was also prevented by the multiple levels of 
obstruction. One could speculate, however, that the 
increased pulmonary flow would promote develop- 
ment of the pulmonary arteries (Fig. 2) similar to 
that reported for a systemic to pulmonary artery 
shunt. 

The improvement in measured aortic saturation 
and pulmonary flow acutely agreed with long-term 
improvement, as estimated by the hematocrit level 
measured at 2 months. Balloon valvotomy could be 
useful for selected patients with increasing cyanosis 
and pulmonary valvar obstruction whose conditions 
are unsuitable for primary repair. The presence of 
infundibular obstruction does not preclude balloon 
valvotomy, and it is possible that fibrous subvalvar 
obstruction may be partially relieved as reported in 
subaortic obstruction.” However, to increase the 
likelihood of success and to minimize risks of valvo- 
tomy, significant valvar obstruction should be 
present. Because valvotomy would add more risk 
and its ability to favorably alter anatomy is 
unproved, its use is not recommended at this time 
for patients in whom primary surgical repair is a 
viable option. 
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Value of fluoroscopy in the detection of 


coronary stenosis: Influence of age, sex, and 
number of vessels calcified on diagnostic 


efficacy 


Although fluoroscopically detected coronary artery calcification is known to correlate with the 
presence of coronary artery stenosis, age, sex, and extent of calcification intluence the strength 
of this association. To clarify its diagnostic potential, we performed fluoroscopy before coronary 
angiography in 600 patients and analyzed the results according to all three factors 
simultaneously. The sensitivity of fluoroscopy for significant stenosis exceeded 65% in all groups 
except women less than 45 years of age. Specificity exceeded 90% in patients less than 45 
years and 85% in patients less than 55 years of age, and declined significantly with age. The 
number of vessels calcified was an important determinant of predictive value, except in those 
less than 45 years of age in whom even a single mild calcification. markedly increased the 
chance of stenosis. In patients aged 45 to 64 years, calcification of two or three vessels 
substantially increased the chances of stenosis, but single-vessel calcification increased the risk 
only slightly. In patients more than 65 years of age, fluoroscopy was not helpful in detecting 
stenosis, regardiess of the number of vessels calcified. Our findings were similar in men and 
women. We coriclude that if both age and the number of vessels calcified are considered, 
fluoroscopy can provide useful information regarding the presence of stenosis in young and 


middle-aged patients. (Am Heart J 1988;115:323.) 


Barry F. Uretsky, M.D., Robert D. Rifkin, M.D., Satish C. Sharma, M.D., and 
P. Sudhakar Reddy, M.D. Pittsburgh, Pa., Boston, Mass., and Providence, R. I. 


The value of fluoroscopic detection of coronary 
calcification in the diagnosis of coronary artery 
disease is controversial. In some studies, the overall 
diagnostic efficacy of fluoroscopy has been compar- 
able or superior to that of stress ECGs.! However, 
other reports indicate that interpretation of the 
fluoroscopic findings depends strongly on age,? num- 
ber of vessels calcified,’ and possibly gender. It has, 
therefore, been difficult to apply this technique to 
individual patients since, to date, no series has been 
sufficiently large to analyze the impact of the fluo- 
roscopic findings according to all of these variables 
simultaneously.. 

Although fluoroscopy cannot provide the func- 
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tional information available from stress testing, it is 
rapid, inexpensive, and may compliment the infor- 
mation furnished by exercise ECGs." +5 Moreover, it 


cari be used in individuals who cannot: exercise 


adequately or who have an abnormal resting base- 
line ECG. Extensive pathologic studies have. estab- 
lished that calcium deposition in the coronary arte- 
ries is due exclusively to complex atheromatous 
plaque.** To more clearly define the value of fluo- 
roscopy and to determine subgroups in which it is 
useful, we compared the results of fluoroscopic 
examination for coronary calcification, classified 
according to age, sex, and number of vessels calci- 
fied, to the results of angiography in 600 patients 
undergoing cardiac catheterization. 


METHODS 


The study group consisted of 600 consecutive patients 
who underwent cardiac catheterization for various cardi- 
ac-related problems. All 600 patients were studied by 
Presbyterian—University Hospital, Pittsburgh, Pennsylva- 
nia, between June, 1980 and December, 1981. Patients 
who had undergone previous catheterization were ex- 
cluded. 
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Table |. Sensitivity, specificity, and likelihood ratios of various fluoroscopic outcomes according to age, sex, and 


number of vessels calcified 





Diseased 


Nondiseased 





Sensitivity (true positive, %)* 





1-Specificity (false positive, %)* 


Likelihood ratio 








Age 
Gr) n 1-VC 2-VC 3-VC T n 1-VC 2-VC 3-VC T 0-VC 1-VE 2-VC 3-VC Avg 
Males : 
<45 22 54 18 0 72 36 6 0 0 6 0.29 9.8 1 * iB 
45-54 71 32 21 14 67 28 10 4 0 14 (0.37 3.2 5.8 I 5.0 
55-64 100 35 26 22 83 32 15 6 0 21 0.22 2.3 4.2 I 3.8 
=65 58 29 34 21 84 11 27 18 9 54 0.35 1.1 1.9 23 16 
Females ; : : 
<45 6 17 0 0 17 21 0 0 0 0 0.83 1 £ * I 
45-54 14 43 14 14 71 37 11 3 0 14 0.33 3.9 5.2 I 5.2 
55-64 49 39 22 14 15 49 18 2 0 20 0.31 2.2 11.0 I 3.8 
=65 32 25 28 22 15 34 47 9 3 59 (0.61 0.5 31 783 13 
Males + Females 
<45 28 46 14 0 60 57 4 0 0 4 041 13.0 I * 171 
45-54 85 34 20 14 68 65 11 3 . 0 14 (0.37 3.1 6.7 I 4.9 
55-64 149 36 25 19 80 81 17 4 0 21 0.25 2.1 6.8 I 3.9 
=65 90 28 32 21 81 45 42 11 4 57 0.45 0.7 2.9 48 14 
All males 251. 35 26 18 73 107 12 5 1 18 0.26 2.3 5.5 20 4.4 
All females 101 34 22 16 72 141 20 4 1 25 0.38 1.7 63 23 29 





n = Number of patients; 0-VC, 1-VC, 2-VC, 3-VC = zero-, one-, two-, and three-vessel calcification; T = * total, all categories; Avg = weighted average value 


over all categories. 


*Numerator and denominator of likelihood ratio both equal zero; t= denominator of likelihood ratio equals zero; values have been rounded off to the 


nearest integer. 


Table Ul. Sensitivity of fluoroscopy in one-; two-, and three-vessel disease according to age and sex 








1-VD 
Age (yr) n Sn (%) P(%) n 
Males P 
<45 8 50 14 7 
45-54 26 54 26 24 
55-64 27 59 20 32 
=65 11 91 16 17 
Females 
<45 3 33 11 2 
45-54 7 71 14 5 
55-64 15 53 15 16 
=65 12 50 18 1l 
Males + females -> . 
<45 11 45 13 9 
45-54 33 58 22 29 
55-64 42 57 18 48 
=65 28 70 17 28 
All males 72 61 20 80 
All females 37 54 15 34 











2-VD 3-VD 

Sn (%) P (%) n Sn (%) P(%) 
100 12 7 71 12 
67 24 21 86 21 
84 24 41 98 31 
71 25 30 90 43 
‘0 7 1 0 4 
80 10 2 50 4 
81 16 18 89 18 
91 17 9 89 14 
78 11 8 63 9 
69 19 23 83 15 
83 21 59 95 26 
79 12 39 90 17 
78 22 99 91 28 
79 14 30 83 12 





Sn = Sensitivity; P = prevalence; 1-VD, 2-VD, 3-VD = one-, two-, and three-vessel disease; n = number of patients. 


Cardiac fluoroscopy was performed before coronary 
angiography in all patients, and all fluoroscopic observa- 
tions were immediately entered into the data base before 
catheterization was begun to avoid any bias based on 
angiographic findings. Images were obtained first in the 
right anterior oblique view by means of both 9-inch and 


6-inch cesium iodide image intensifiers. This was followed 
by imaging with a 6-inch image intensifier in the 30-degree 
right anterior oblique and 60-degree left anterior oblique 
projections. Other obliquities were used if these views 
were not definitive. All fluoroscopic examinations were 
performed by an experienced cardiac angiographer who 
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Fig. 1. Influence of previous myocardial infarction by 
history, obtained before study, on sensitivity of fluorosco- 
py for presence of angiographically significant stenosis. 
Sensitivities are similar òr slightly superior in those 
without previous infarction, suggesting that this factor 
does not influence data analysis. 


MALES 


had no knowledge of the patient’s clinical or angiographic 
status. The fluoroscopic observations were recorded from 
a television monitor (526 lines/screen) at the time of 
fluoroscopy. X-ray exposure settings were adjusted auto- 
matically and generally varied from 2 to 4 mA and 60 to 
100 kV. Resolution of the systém was 1.8 line pairs/mm 
in the magnified mode and 1.4/mm in the standard 
mode. This compares with 2. 8/mm in the magnified 
mode and 2.2/mm in the standard mode during cineangi- 
ography. 

Intensity of calcification in er arterial segment was 
graded as follows: 1+ = light but definite calcification 
(requiring a careful search); 2+ = moderately dense calci- 
um deposit (easily found); 3+ = heavy. calcium deposit 
(obvious on immediate viewing). Questionable findings of 
calcification were always classified as negative. Segmental 
location of calcium deposits was estimated on the basis of 
the expected location of the coronary arteries on the 
fluoroscope. Definitions for arterial segments were adopt- 
ed from the Coronary Artery Surgery Study. However, the 
left main and proximal left anterior descending arteries 
were regarded as one region in this study because of the 
difficulty in determining, by fluoroscopy alone, in i which of 
these two segments a deposit was located. After fluorosco- 
py, cardiac catheterization was performed. 

Significant coronary artery disease was defined as at 
least one stenosis greater than or equal to 50% narrowing 
in luminal diameter. Throughout the subsequent text, the 
phrase “significant stenosis” always refers to angiographic 
significance according to this definition.. 

Before study, each patient was classified on the basis of 
clinical and historic data with respect to the presence or 
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Fig. 2. Effect of age and sex on sensitivity of finding any 
coronary calcification (1-, 2-, or 3-vessel calcification) for 
having at least one significant stenosis. Sensitivity is 
generally good, even in young patients, and improves 
slightly with age. Low sensitivity in young women is 
unreliable because of small sample size. (Hatch marks 
above bars represent standard errors; numbers above bars 
are sample sizes.) . 


absence of the following features: (1) previous myocardial 
infarction determined by definite Q waves on ECG or 
unequivocal history; (2) significant valvular heart disease 
according to history; (3) other types of primary heart. 
disease, such as myopathic or pericardial disease; (4) chest 


- pain syndrome. 


True positive percentage was defined as 100 X (number 
of true positives) divided by (total number with disease) 
and is equal to the sensitivity. False positive percentage 
was defined as 100 x (number of false positives) divided 


. by (total number free of significant disease) and is equal to 


(1- specificity). The predictive value of a test result for 
disease was defined as (number of diseased patients with 
the test result) divided by (total number [diseased + non- 
diseased] with the test result). The predictive power of 
each fluoroscopic result was analyzed in terms of its 
likelihood ratio, which is equal to (probability of observing 
the result in a diseased subject) divided by (probability of 
observing the result in a subject with no significant 
disease) or (sensitivity/1— specificity) (Appendix 1). ` 
Data were analyzed for statistical significance by means 
of the chi-square method. The Shannon information 
content was used to- measure the overall classification 
power of the test (Appendix 2). i 


RESULTS 


Study population and coronary anatomy (Tables I 
and II). The study group consisted of 358 men and 
242 women with an overall prevalence of angio- 
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Fig. 3. Effect of age and sex on sensitivity of any coronary calcification for 1-, 2-, or 3-vessel coronary 
artery disease. In general, sensitivity improves with extent of disease in both sexes and in both young and 
old patients. Exceptions are seen only in the two smallest groups where findings niay not be representative 


because of limited rempi size. 
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Fig. 4. Influence of age and sex on epean of coronary 
oln Canon: i 


graphically significant stenosis of 59%. Seventy 
percent (251) of the men had significant coronary 
stenosis compared with only 42% (101) of the 
women (Table I). The extent of disease was also 
greater in men than in women (Table II). Thus, 
multivessel disease represented a much larger frac- 
tion of men than women in virtually all age 


groups. 


‘Chest pain was distributed as follows: no chest 
pain or pain that was definitely not angina, 184 


E subjects; definite angina, 214; atypical pain probably 


angina, 84; atypical pain probably not angina, 118. 
Sixty-four patients were studied for aortic valve 
disease and 67 for mitral valve disease. 

Presence or absence of myocardial infarction (Fig. 
1). A total of 105 men and 32 women had a history of 


. myocardial infarction. Ninety-nine of these men and 


31 of these women were found to have angiograph- 
ically significant stenosis. Because only six of the 
men and one of the women with previous infarction 

were free of significant disease, the specificity of 
those with and without previous infarction could not 
be compared. However, Fig. 1 shows that in both 
sexes the sensitivity of fluoroscopy for stenosis: in 


- our patients without previous myocardial infarction 


is very similar to the sensitivity of those with 
previous infarction. We therefore pooled these two 
groups of patients together in the subsequent analy- 


- gis. 


Sensitivity of fluoroscopy in relation to age, sex, and 
extent of disease (Tables I and II; Figs. 2 and 3). In 
the population as a whole the sensitivity of a positive 
fluoroscopic result was 76%. Fig. 2 compares the 
sensitivity in men and women as a function of age. It 
is evident that sensitivity was similar in men and 
women at all ages, although there was a tendency 
toward higher sensitivity in men. The exceptionally 
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Fig. 5. Effect of age on sensitivity of 1-, 2-, or 3-vessel coronary artery calcification for at least one 


significant stenosis (both sexes combined). 


low sensitivity in women less than 45 years of age 
may have been due to the small size of this subgroup 
(n = 6). A slight but statistically significant trend 
(p = 0.025 for men; p = 0.025 for women) toward 
increasing sensitivity of calcification for significant 
stenosis with age is also evident in Fig. 2. 

Fig. 3 shows the sensitivity of fluoroscopy as a 
function of extent of disease, age, and sex. Again, 
sensitivity was similar in men and women except in 
the smallest subgroups. None of the differences 
between sexes was statistically significant. Fig. 3 
also shows that the sensitivity of fluoroscopy 
increased with extent of disease (p = 0.001 for men; 
p = 0.05 for women) independent of age, except in 
young women where the sample sizes were very 
small. The average sensitivity for all ages in single- 
vessel disease was 61% in men and 54% in women. 
In patients with two-vessel disease the average 
sensitivity was 78% and 79% in men and women, 
respectively, and in triple-vessel disease it was 91% 
in men and 83% in women. The sensitivity of 
fluoroscopy for single-vessel disease is noteworthy 
and exceeded 50% in all age groups except women 


' less than 45 years of age, in whom the data are not 


reliable because of the small sample size (Table J). 

Because sensitivity depends on the extent of 
disease, the superior sensitivity of fluoroscopy in 
older versus younger patients and in men compared 
to women, which is seen in Fig. 2 and Table I, is 
partly explained by the greater severity of disease in 
the elderly and in the male patients in our study 


population. The low sensitivity of 63% for three- 
vessel disease in patients less than 45 years of age 
(Table I) may be due to the small sample size (n = 8) 
in this group. 

Specificity of fluoroscopy (Table I; Fig. 4). False 
positive findings of coronary calcification were 
observed in 18% of men and 25% of women without 
important coronary stenosis (specificity = 82% and 
75%, respectively). Fig. 4 shows that the specificity 
of calcification declines with age, reflecting the 
increased frequency of false positive calcification in 
older patients of both sexes (p = 0.005 for men; 
p = 0.001 for women). Thus, in patients less than 55 
years of age, the false positive rate was below 15% ` 
(specificity = 85%), and in those less than 45 years 
of age, it was slightly less than 6% (specifici- 
ty = 94%). However, the false positive rate rose to 
21% (specificity = 79%) in patients aged 55 to 64 
years and to 55% to 59% (specificity = 40% to 
45%) in patients over the age of 65 years. 

Effect of the number of vessels calcified on sensitivity 
and specificity: Relation to age and sex (Table I; Fig. 5). 
In patients more than 45 years of age, the sensitivity 
and specificity of one-, two-, and three-vessel calci- 
fication showed only small differences between men 
and women, despite the small sample sizes of the 
subgroups (Table 1), although these differences were 
greater than when all three patterns of calcification 
were combined as described previously. 

Fig. 5 shows that the number of vessels in which 
calcium was identified increased consistently with 
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Fig. 6. Family of curves showing predictive value as 
function of pretest risk of disease or prevalence of disease 
in population. Curves have been constructed for various 
values of likelihood ratio (L) according to likelihood ratio 
form of Bayes’ theorem (see Appendix 1). (Adapted from 
Rifkin RD et al. Coronary calcification in the diagnosis of 
coronary artery disease. Am J Cardiol 1979;44:141. Repro- 
duced with permission). 


age in patients with disease. The fraction of patients 
with two- and three-vessel calcification increased 
steadily with age, whereas the fraction with single- 
vessel calcification steadily decreased. 

Similarly, there was a trend toward more exten- 
sive calcification with increased age in patients 
without disease (Table I). Calcification of three 
vessels was never found in patients less than 65 
years of age who were free of significant coronary 
stenosis, and calcification of two vessels was seen in 
less than 4%, but above this age calcification of two 
vessels was observed with moderate frequency 
(11%) and calcification of three vessels occurred in 
4%. In patients less than 45 years of age with no 
significant disease, calcification of just one vessel 
was noted in only 3.5%, but this increased to 11% in 
45- to 54-year-old patients. Single-vessel calcifica- 
tion was seen in more than 17% of those over the age 
of 55 years, despite the absence of coronary steno- 
sis. 

These trends toward heavier calcification with age 
were statistically significant in men with disease and 
in both men and women without disease, but they 
did not reach statistical significance in women ‘with 
disease (p = .05 for men with disease; p = 0.025 for 
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men without disease; p = 0.25 for women with dis- 
ease; p = 0.001 for women without disease). 

Predictive power of fluoroscopic findings according 
to age, sex, and calcification pattern: The predictive 
power of various fluoroscopic findings, represented 
by the likelihood ratios shown in Table I, can be 
found in Fig. 6 for any value of prior probability. 
Because, in general, the frequency of both true and 
false positive findings was very similar in men and 
women in each age group, we considered the pooled 
values of the likelihood ratio for both men and 
women, shown in rows 9 to 12 of Table I, to be 
representative of either sex. In fact, in most sub- 
groups, likelihood ratios determined separately for 
men and women were similar except when the size of 
the subgroup was small. Unless stated, the likeli- 
hood ratios referred to below are always the pooled 
values. 

In all age groups, the likelihood ratio for disease 
increased with the number of vessels calcified, 
reflecting the lower frequency of false positive 
results when calcification was more extensive. 
Therefore, the likelihood ratios shown in the last 
column of Table I, which combine all three patterns 
of calcification, are not directly applicable to indi- 
vidual patients. In young age groups, where false 
positive three-vessel calcification was not encoun- 
tered, the likelihood ratio was indeterminate 
because the denominator of the ratio was zero, but a 


‘lower limit for its value could be found by combining 


the data for two- and three-vessel calcification and 
calculating their combined likelihood ratio. 

In patients less than 45 years of age, the likelihood 
ratio associated with calcification of only one vessel 
was 13. Thus, based on the curves in Fig. 6, the 
finding of even one calcium deposit in this group 
greatly increases the probability that significant 
stenosis is present. 

In 45- to 54-year-old patients, calcification of one 
vessel was associated with a likelihood ratio of 3.2; 
therefore, there was only a mild increase in the risk 
of stenosis for any prior probability. Calcification of 
two vessels, however, observed in 20% of this age 
group with disease, was associated with a likelihood 
ratio of 6.5, which moderately increases the proba- 
bility of stenosis. No false positive instances of 
three-vessel calcification were observed in this age 
group. The pooled likelihood ratio for two- and 
three-vessel calcification combined was 11. Thus, 
three-vessel calcification, which was observed in 
14% of patients aged 45 to 54 years with disease, has 
an even greater likelihood ratio and is highly diag- 
nostic of disease. 

In 55- to 64-year-old patients, calcification of one 
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Table Ill. Diagnostic significance of single-vessel calcification confined to left main—proximal LAD region: Relation to 


fluoroscopic intensity of deposit 





Sensitivity (true positive, %) 


Age (yr) 
M+F 1+ 2to 3+ T 1+ 
<45 18.0 18 36.0 1.8 
45-54 5.9 21 26.9 4.6 
>55 9.6 18 27.6 RL 


1-Spectficity 
(false positive, %) 


Likelihood ratio 


2 to 3+ T I+ 2 to 3+ Avg 
1.8 3.5 10.00 10.00 10.00 
4.6 9.2 1.28 4.56 2.92 

17.0 24.1 1.85 1.06 1.15 





1+, 2 to 3+ = Intensity of calcification; M = male; F = female; other abbr 


eviations as in Table I. 


Table IV. Diagnostic significance of single-vessel calcification not located in the left main—proximal LAD region: 


Relation to intensity of deposit 








1-Specitficity 





Sensitivity (true positive, %) (false positive, %) Likelihood ratio 
Age (yr) 
M+F I+ 2 to 3+ T I+ 2 to 3+ T I+ 2 to 3+ T 
<45 3.6 7.1 10.7 0 0 0 I I I 
45-54 4.7 2.4 FA 1.5 0 1.5 3.06 I 4.60 
255 3.3 1.7 5.0 0.8 1.6 2.4 4.22 1.06 2.11 





Abbreviations as in Tables I, II, and III. 


vessel is a weak finding with a likelihood ratio of 2, 
but calcification of two vessels is associated with a 
likelihood ratio of 6.7. Again, no false positive 
instances of three-vessel calcification occurred. The 
pooled likelihood ratio for two- and three-vessel 
disease was 12. 

In patients more than 65 years of age, single- 
vessel calcification was associated with a likelihood 
ratio near 1 and is therefore of no diagnostic value. 
Only three-vessel calcification, with a likelihood 
ratio of 4.8, has a significant impact on the probabil- 
ity of disease. 

The absence of calcification is associated with a 
likelihood ratio between 0.25 and 0.45 (Table I). 
Referring to Fig. 6, it is evident that there is only a 
small reduction in the probability of disease at any 
value of pretest risk if calcification is not ob- 
served. 

Significance of single-vessel calcification (Tables 
III and IV). Single-vessel calcification was a com- 
mon pattern in all age groups, particularly in those 
patients less thans 55 years of age (Table I), and was 
therefore further examined with respect to the 
importance of the intensity and location of the 
deposit (Table ITI). In virtually all patients with this 
result, only one deposit of calcium was present. This 
deposit was located in the left main—proximal left 
anterior descending (LAD) region in approximately 
80% of diseased and almost 100% of nondiseased 


Table V. Average information content of fluoroscopy 








Average information 


Age (yr) content in bits 
<45 0.21 (0.06) 
45-54 0.18 (0.02) 
55-64 0.21 (0.04) 
>65 0.08 (0.03) 








Numbers in parentheses are standard errors. 


patients with single-vessel calcification regardless of 
age. 
A calcification grade of 1+ in the left main- 
proximal LAD region was associated with a likeli- 
hood ratio of 10.2 in those less than 45 years of age. 
Thus, even a faint calcification in young patients 
substantially increases the risk that stenosis is 
present. In contrast, faint calcification in 45 to 
54-year-old patients was associated with a likelihood 
ratio of only 1.28, but this was seen in only 6% of all 
patients with coronary artery disease in this age 
group. Heavier calcification was observed in 21% of 
all 45- to 54-year-old patients with disease and was 
associated with a likelihood ratio of 4.6. These data 
suggest that faint calcification of the left main- 
proximal LAD region in patients aged 45 to 54 years 
is not important, but heavier calcification moderate- 
ly increases the risk of disease. However, the differ- 
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ences were not statistically significant (p = 0.25), so 
the data represent only a trend toward a higher 
predictive value of 2+ or 3+ calcification in middle- 
aged patients. In patients more than 54 years of age, 
likelihood ratios associated with left main—proximal 


LAD calcification were near 1, regardless of the. 


intensity of the deposit; therefore, this finding was 
of no diagnostic value. 

Table IV shows the diagnostic significance of 
single-vessel calcification when the deposit is not 
located in the left main—proximal LAD region. This 
was observed only occasionally in patients with 
disease (6% in men and women) and very rarely in 
patients with no disease (0.9% in men and 2.1% in 
women). Although the numbers are too small for any 
‘definite conclusions to be drawn, the diagnostic 
impact of this finding appears to be slightly stronger 
‘in favor of stenosis than when the deposit is in the 
left main—proximal LAD region. However, in 
patients more than 54 years of age it also appears to 
be unimportant, with likelihood ratios near 1. 

Influence of valvular heart disease on the interpreta- 
tion of fluoroscopy. Of the 600 patients in the popu- 
lation, valvular heart disease was the reason for 
catheterization in 143. Sixty-four patients were 
studied for isolated aortic valve disease, 67 for 
isolated mitral valve disease, and 12 for combined 
aortic and mitral disease. In a separate analysis of 
each of these groups, the true positive and false 
positive rates of fluoroscopy for detecting important 
coronary stenosis were very similar to the values for 
the entire population. For example, in 19 patients 
less than 55 years of age, with isolated aortic disease, 
the true positive and false positive rates were 100% 
and 5.9%, respectively; in 45 patients more than 55 
years of age, the true positive rate was 81% and the 
false positive rate was 42%. These data suggest that 
the presence of aortic valve disease with valvular 
calcification does not limit the value of fluorosco- 
py. 

Average information content of fluoroscopy. Table V 
shows the values of the average information content 
associated with cardiac fluoroscopy. In patients less 
than 65 years of age, the average information con- 
tent exceeds 0.18 bits. For comparison, the average 
information content of ECG exercise stress testing, 
when the results are graded into 0.5 mm intervals of 
ST depression, is 0.18 bits (standard error = 0.02) 
based on the pooled literature analyzed by Rifkin 
and Hood.’ A review of the literature on stress 
ECGs, conducted by Diamond et al. yielded an 
average information content of 0.19 bits (standard 
error = 0.084). In patients less than 65 years of age, 
_ these differences in information content are not 
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statistically significant (p > 0.05; t test) compared 
to the values obtained for fluoroscopy, shown in 
Table V, based on the associated standard errors 
also shown in Table V. It can be seen from Table V 
that in patients more than 65 years of age, the 
information content of fluoroscopy is low and results 
of exercise stress testing are significantly better 
(p < 0.05) in this age group. 


DISCUSSION 


Previous studies! "3 have suggested that fluo- 
roscopy is a potentially valuable method for detect- 
ing coronary stenosis. However, because age, sex,” 
and the number of vessels calcified? have all been 
reported to affect the predictive value of the find- 
ings, interpretation of the results of fluoroscopic 
examination in individual patients has remained 
uncertain. Previous investigators have examined the 
effect of only one or two of these variables at a 
time. 

Hamby et al.? found that in young patients, the 
predictive value of calcification for significant steno- 
sis was excellent but the sensitivity was limited, 
whereas in older patients sensitivity was high but 
predictive value was poor. The number of vessels 
calcified was not evaluated in their study, but the 
sensitivity and predictive value of calcification was 
better in women than in men. Bartel et al.? observed 
that single-vessel calcification was only mildly pre- 
dictive of stenosis, two-vessel calcification was mod- 
erately predictive, and three-vessel calcification was 
virtually diagnostic of stenosis, but these investiga- 
tors did not examine the influence of age or sex on 
these results. 

In the present study, we have analyzed the fluoro- 
scopic findings in 600 patients undergoing cardiac 
catheterization according to all three factors. Our 
data define several subgroups in which fluoroscopy 
has clinical utility when age and the number of 
vessels calcified are taken into consideration. These 
include, in particular, patients less than 50 years of 
age, in whom both the predictive value and sensitiv- 
ity of any calcification are high, and middle-aged 
patients, in whom multivessel calcification is a mod- 
erately frequent and strong predictor of stenosis. In 
addition, we observed important differences in the 
sensitivity of fluoroscopy compared to previous, 
smaller series. 

The sensitivity of fluoroscopy increased with the 
severity of disease, exceeding 80% in triple-vessel 
disease in patients more than 45 years of age. The 
poorer sensitivity in younger age groups is due, in 
part, to the presence of less extensive disease. 
Contrary to the findings of Hamby et al. in our 


wy 
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study the diagnostic significance of coronary calcifi- 
cation was similar in men and women. When differ- 
ences were present, both the sensitivity and predic- 
tive value of fluoroscopy were better in men, but 
again this is largely accounted for by more severe 


disease. The exceptions to these generalizations in 


those less than 45 years of age, particularly the low 
sensitivity we observed in young women, are proba- 
bly attributable. to the small sample size in these 
groups. Therefore, pooled values for both men and 
women, as shown in rows 9 to 12 of Table I, are 
probably clinically representative for both sexes. 
Although we observed a steady increase in sensi- 


` tivity with age, as did Hamby et al, we found 


consistently higher sensitivities in all age groups, 
especially young men. ‘This improvement was 
achieved without the expense of reduced specificity, 
since the predictive value remained excellent in this 
age group, even when only one vessel was calcified. 
In the pooled data for both sexes, the sensitivity of 
fluoroscopy for significant stenosis exceeded 60% in 
all age groups, a value similar to that of stress ECGs. 
Thus, according to our data the flucroscopic exami- 
nation has a good diagnostic yield at any age less 
than 60 years .and, in particular, should not be 
neglected in young patients. 

The improved sensitivity compared to the data by 
Hamby et al.? may be due to improvement in 
equipment in the decade since their study was 
performed. Differences in the number of older 
patients and the prevalence of multivessel disease 
among the study populations may also contribute to 
variations in sensitivity. It is worth reemphasizing 
that all of our fluoroscopic data were collected by 
means of simple fluoroscopy, the lowest radiation 
intensity level, rather than at the higher levels used 
for cine or digital. fluoroscopy as in the study of 
Detrano et al.1+15 We did this to ensure that our 
findings would apply to the equipment found in a 
typical fluoroscopy suite in a community hospital 
and that exposure to- radiation would be minimized. 


, The higher intensities of cine and digital fluoroscopy 
‘ improve image resolution but expose patients to 


approximately four times the radiation of simple 
fluoroscopy, each second of which is equivalent to 
one or two posteroanterior chest x-ray examinations, 


` or 80-milli-Roentgens.* 


Although our data emphasize the importance of 
determining the number of vessels calcified, it is less 
significant in younger than in: older patients. Thus, 
even single-vessel calcification in those.less than 45 
years of age is associated with a likelihood ratio of 
18, which moderately increases the probability of 
disease and is comparable to approximately 2 mm of 
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exercise-induced ST depression at 85% submaximal 
heart rate. Any additional calcium deposits in this 
age group are virtually diagnostic of disease, since no 
instance of two- or three-vessel calcification was 
observed among the 57 patients less than 45 years of 
age who were free of disease. 

Single- vessel calcification in patients 45 to 5A 
years of age is of less diagnostic value. However, our 
data suggest that a further subdivision of single- 
vessel calcification may improve diagnostic discrim- 
ination in this age group. In the vast’ majority of 
cases of single-vessel calcification, there i isa solitary 
deposit in the left main-proximal LAD region. Anal-. 
ysis of the likelihood ratio*® indicates that when this 
deposit is of light intensity (1+), it has no diagnostic 
significance and should be ignored in 45- to 54- 
years-old patients, but when it is heavier (2+ or 3+) 
it is comparable in diagnostic significance to 1.5 mm 
of ischemic ST depression in an 85% submaximal 
treadmill test. This outcome has a likelihood ratio of 
5 to 7° and moderately increases the risk of finding 
stenosis at coronary arteriography. l 

Single-vessel calcification other than in the left 
main—proximal LAD region was rare. Limited data 
prevented any definite conclusions regarding the 
diagnostic significance of this outcome, but it 
appeared to have a greater impact favoring stenosis 
than isolated calcification in the left main—proximal 
LAD region. In patients more than 55 years of age, 
single-vessel calcification is of little or no diagnostic 
value, regardless of its location or intensity. 

Our data confirm the high predictive value of 
multivessel calcification that was reported by Bartel 
et al. but multivessel calcification is not always 
diagnostic of stenosis. Age must still be considered 


. in interpreting this finding. We obtained similar 


likelihood ratios (6.7) and sensitivities (20% and 
25%) in groups of patients aged 45 to 54 years and 


-55 to 64 years. Based on these likelihood ratios, 


calcification of two vessels has a moderate diagnos- 
tic significance that is comparable to 1.5 to 2 mm of 
ischemic ST depression in.an 85% submaximal 
treadmill test in these age groups. Thus, to extract 
useful diagnostic information from the fluoroscopic 
examination in middle-aged patients, a careful 
search for calcification along the course of the 
atrioventricular grooves is required. However, in 
patients more than 65 years of age, two-vessel 
calcification is only a mild indicator of stenosis. 

` The absence of calcification has limited value in 
excluding disease. It appears to be most helpful in 
patients aged 55 to 65 years, where it implies a 
moderate decrease in the probability of stenosis but 
by no means excludes its presence for most values of 
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prior probability. In other age groups it implies only 
a small decrease in risk and would be useful only in 


conjunctive with negative findings in one or more 


other noninvasive tests. 

Analysis of the information content of the ee 
scopic examination, which mathematically takes 
into consideration the sensitivities and predictive 
values of all test outcomes and represents the overall 
classification power of a test, reveals that the diag- 
nostic efficacy of fluoroscopy is comparable to that 
of ST segment analysis in exercise stress testing. 
This finding is consistent with the data of Aldrich et 


al.,! who found that.the predictive value of fluoros- ` 


copy was equal to or exceeded that. of exercise 
testing in asymptomatic patients, although referral 
bias may have influenced their data, which was 
collected in a population of patients referred for 
hyperlipidemia. It is of interest that in our data the 

presence of valvular heart disease, particularly aor- 
` tic stenosis with its accompanying calcification, did 


not increase the rate of false positive fluoroscopic: 


examination results. 

Although fluoroscopy dogs not offer the addition- 
al functional data furnished in an exercise test, it 
provides an anatomical marker of advanced athero- 
sclerosis that is of added diagnostic value. The 
quantitative diagnostic value of the combined use of 


fluoroscopy and exercise stress testing has been 


predicted mathematically.* These quantitative pre- 
dictions have been confirmed empirically in the 
studies of Aldrich et al.1 and Langou et al." Aldrich 
` etal! found the predictive value of stress test results 
that were positive for significant coronary artery 
disease to be 55%. This was increased to 88% when 
results of fluoroscopy were also positive. 

Similarly, Langou et al." reported a predictive 
value for combined positive results of fluoroscopy 
and stress testing of 92%. Both studies classified 


calcification only according to its presence or- 


absence. Although neither study took age into con- 
sideration, their populations were relatively homo- 
geneous with respect to this parameter, both averag- 
ing 46 years. The data in the present study regarding 
age and the number of vessels calcified will allow 
more accurate predictive values for combined use of 
fluoroscopy and stress testing to be calculated for 
individual patients. _ 

In women and in those Ditos who cannot 


exercise adequately or who have resting baseline . 


ECG abnormalities, fluoroscopy may be particularly 
helpful.. Hung et al.’ recently observed that in 
women fluoroscopy provided significantly more 
diagnostic information than exercise ECGs over a 
wide range of clinical subsets and advocated its use 
in certain groups of women. Our data further define 
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the usefulness and interpretation of fluoroscopy in 
women. 

Other recent studies support the value of fluoros- 
copy in certain clinical situations. Chaitman et alë 
found fluoroscopy to add significant diagnostic 
information on the presence and severity of coro- 
nary - stenosis to thallium exercise scintigraphy’ in 
patients with strongly positive results of ECG stress 
testing. Detrano et al.‘ compared the accuracy of 
cinefluoroscopy, exercise ECG, and thallium imag- 
ing in‘297 subjects and concluded that cinefluoros- 
copy is a relatively cost-effective’ diagnostic test, 
similar in accuracy to other more expensive nonin- 
vasive tests for coronary artery. disease. 

- Detrano et al.” have also reported that the use of 
digital subtraction ‘angiography may enhance the 
sensitivity of fluoroscopy with minimal loss in spec- 
ificity, yielding a net gain in diagnostic discrimina- 
tion. It is of particular interest that their higher total 
sensitivity is principally the result of the greater 
sensitivity of three-vessel calcification for signifi- 
cant coronary artery disease, which was 40% in their - 
series compared with only 17% in ours.: These 
results require verification in larger studies. Other 
technical advances promising improved image reso- 
lution are gradually being introduced into fluoro- 
scopic’ equipment and may further enhance the 
sensitivity of calcification for detecting stenosis. 

The presence of: coronary calcification has also 
been shown to have important adverse prognostic 
significance that: appears to be independent of all 
other known prognostic factors in patients with 
coronary artery disease. This finding was reported in 
an analysis of 800 patients in the Duke University 
data bank, all of whom had angiographically docu- 
mented coronary artery disease.” When those with 
calcification were compared to those without calcifi- 
cation, matched for age, number of vessels diseased, 
ventricular function, and treadmill response, there 
was always a higher yearly mortality rate among 


: those with calcification. 


The findings of our study. and those of other 
recent studies, taken in conjunction with the sim- 
plicity of the fluoroscopic examination, imply that 
fluoroscopy has an important contribution to make 
in the assessment of coronary artery disease. Lack of 
familiarity with the method of performing the exam- 
ination and with the interpretation -of the findings, 
rather than lack of efficacy, may explain the present 
disinterest of clinicians i in fluoroscopy. 
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APPENDIX 1: LIKELIHOOD RATIO FORMULATION OF 
BAYES’ THEOREM 


According to the likelihood ratio formulation of 
Bayes’ theorem: Predictive value = F/(P + [1 + P]/ 
L), where P is the prevalence of disease in the test 
population or the pretest risk of disease in an 
individual subject and L, the likelihood ratio, is 
given by the relative prevalence of the test result in 
subjects with and without disease: sensitivity/(1- 
specificity), where sensitivity = true positives/(true 
positives + false negatives) and specificity = true 
negatives/(true negatives + false positives). 
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Once the likelihood ratio associated with a partic- 
ular test response is known, the predictive value can 
be found for any value of pretest risk, P. This form 
of Bayes’ theorem is especially useful because a 
single number, the likelihood ratio, characterizes the 
diagnostic implications of the test response over the 
entire spectrum of pretest risk. 

Fig. 1 shows a graphic representation of the 
preceding formula, with predictive value plotted 
against pretest risk for a series of L values between 
0.01 and 100.0. From such a family of curves, the 
predictive value of any test response can be deter- 
mined for any value of pretest risk if the likelihood 
ratio associated with the test response is known. For 
example, suppose a subject with an estimated pre- 
test risk of 0.40 has a test response known to be 
associated with a likelihood ratio of 20. In Fig. 1, the 
predictive value can be found by reading vertically 
up from a pretest risk of 0.40 on the abscissa to the 
curve for a likelihood ratio of 20 and then reading 
horizontally across to the predictive value on the 
ordinate. Alternatively, the predictive value could 
be calculated according to the preceding formula as 
follows: 0.4/(0.4 + 0.6/20) = 0.93. The same method 
can be used for test responses with likelihood ratios 
less than 1. 


APPENDIX 2 

The average Shannon information content of a 
test, I, and its variance, c’, are calculated as fol- 
lows": i i 


Í = fi = 2 [ee ] 1 
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al _ F? (1+ T/F) - 

aT (T —F) 2in2 

a T?(1+F/T) - 

oF (F — T) 21n2 
where T is the probability of a test outcome among 
diseased subjects, F is the probability of the out- 
come among nondiseased subjects, i and j are indices 
labeling a specific test outcome, n is the number of 
outcomes of the test, N, and N; are, respectively, the 
number of diseased and nondiseased subjects in the 
sample. For i # j, crm = — T/T/Np and opr; = — FF;,/ 
N For i =j, ay = T(1 — T)/Np, of = F(1 — F)/N;, 
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Paradoxical increase of ventricular fibrillation 
threshold in response to coronary sinus 


obstruction 


. We determined the ventricular fibrillation threshold (VFT) changes in response to graded 
coronary sinus (CS) obstruction in 13 chloralose-anesthetized dogs with fixed heart rate (150 
min~', mean systemic arterial pressure (80 mm Hg), and cardiac index (100 ml/min . kg" body 
weight). VFT in milliamperes (VFT,,,) increased linearily with CS pressure (CSP) increases up to 
41.2 + 1.4 mm Hg (VET ma =6.5 +0.14 CSP mm Hg, p < 0.01). Total coronary venous effluent 
(CBF) did not change significantly, suggesting compensatory coronary vasodilation. Myocardial 
O, consumption. also remained unchanged. At higher CSP, both CBF and VFT declined 
precipitously (VFT,,, = 20.9 — 0.27 CSP mm Hg, p < 0.02). With simultaneous increases of 
systemic arterial along with CSP, VFT increased again along with the CSP-induced reduction of 
gradient until it reached 42.8 + 3.2 mm Hg. We conclude that with coronary venous obstruction, 
despite coronary perfusion gradient reduction to about 40 mm Hg; CBF remains constant. This: 
constant flow vasodilation is associated with substantial (82%) VFT increase. The mechanism 
may invoive enhanced homogeneity of CBF distribution and increased extracellular fuld: (Am 
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The coronary venous system has been considered as 
a potential conduit for myocardial perfusion since 
the turn of the century.' Retroperfusion with oxy- 
genated blood, either through arterial anastomoses” 
or by coronary sinus cannulation and synchronized 
retroperfusion? were employed for prevention or 
limitation of ischemic injury. Pressure-controlled 
intermittent coronary sinus occlusion (PISCO)* has 
been proposed as a simpler alternative. Whereas the 
relative effectiveness of techniques is being de- 
bated,> the question of possible electrophysiologic 
effects of coronary sinus interventions has not been 
addressed. The purpose of this study was to examine 
in the constant workload dog preparation whether 
varying degrees of coronary sinus obstruction affect 
the ventricular fibrillation threshold. 


METHODS 


Study preparation. Thirteen mongrel dogs weighing 
23.0 to 27.0 kg were anesthetized with chloralose, 60 to 100 
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mg/kg of body weight. The animals were ventilated with a 
mixture of 97% O, and 3% CO, with a volume respirator. 
Arterial blood gases and pH were monitored by means of 
an acid-base analyzer (Radiometer, Copenhagen) and 
sodium bicarbonate solution, 580 mmol/L, was infused 
intravenously as needed to counteract early metabolic 
acidosis. A longitudinal body surface ECG lead and the 
systemic arterial pressure obtained via a left femoral 
artery cannula were continuously monitored. The heart 
was exposed through mid-sternotomy and was suspended 
in a pericardial cradle. Umbilical tapes were placed 
around the venae cavae, the pulmonary artery, and the left 
subclavian artery for subsequent cannulation. 

Left ventricular workload and heart rate were then 
uniformly controlled and set at 1.0 to 1.1 J/min - kg™ of 
body weight and at 150 min“, respectively, as described 
elsewhere-in detail® (Fig. 1). Briefly, the heart rate was 
controlled with left ventricular apical pacing after induc- 
tion of complete atrioventricular block with direct injec- 
tion of 0.1 to 0.5 ml of 40% formaldehyde into the node. 
Cardiac output was maintained at 100 ml/min - kg of 
body weight by means of the right heart bypass technique. 
Mean systemic arterial pressure (SAP), as monitored i in 
the aortic root by means of a No. 8 Cournand catheter 


-introduced through the right internal mammary artery, 


was kept constant at 80 + 2mm Hg. This was achieved by 
continuous low-rate arterial bleeding from the cannulated 
left subclavian artery and by periodic blood reinfusion. 
The infused blood was obtained from the venous reservoir 
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oxygenated by a membrane oxygenator and returned to 
the same vessel by a servocontrolled variable-speed roller 
pump, activated when the SAP signal declined below the 
present level.- f 

The siphon drainage of the bypassed right heart cavities 
representing total coronary venous effluent was cọntinu- 
ously monitored through a tubular electromagnetic flow 
probe (Micron Instruments, Los Angeles, Calif.). 

Graded coronary sinus obstruction. A modified No. 24 
French Bardic cannula was inserted into the coronary 
sinus orifice via right atriotomy. The coronary sinus end 
was tied onto the cannula tip with a 3-0 silk atraumatic 
needle suture applied externally. The distal end of the 
cannula was connected via a tubular electromagnetic flow 
probe (Micron Instruments) to. the right cardiac chamber 
drain. The coronary sinus blood pressure and oxygen 
saturation was monitored with a fiberoptic-lumen cathe- 
ter (American Edwards Laboratories, Santa Ana, Calif.) 
connected to a pressure transducer and to an in vivo 
oximeter (Physio-Control Labs, Seattle, Wash.). The 
mean coronary sinus pressure was adjusted by means of a 
screw-clamp on the tubing distal to the flow probe. This 
arrangement allowed separate determination of coronary 
sinus and total coronary venous effluent, which was 
considered the global coronary blood flow (CBF) 
(Fig. 1). 

Variables determined. Mean and phasic aortic root 
pressure, left ventricular (LV) pressure, LV dp/dt, coro- 
nary sinus mean pressure and saturation, as well as 
coronary sinus and total coronary venous effluent, were 
recorded continuously along with the ECG by the use of 
an oscillographic recorder (No. 1612, Honeywell Test 
Instruments, Denver, Colo.). Pressure zero reference was 
the mid right atrial level. Arterial and coronary venous 
blood samples were obtained under steady-state condi- 
tions. Part of the blood sample was analyzed immediately 
for O, saturation and hemoglobin concentration for deri- 
vation of O, content with a Hemoximeter (Radiometer, 


. Copenhagen). Coronary venous oxygen saturation values 


(SesO,) were used for repetitive calibration of the in vivo 
oximeter. The rest of the sample was analyzed for PaO,, 
Paco,, and pH, and also for volume of packed red cells 
(HCT). 

MVO, calculation. Myocardial O; consumption (MVO,) 
at steady state was calculated as the product of total CBF 
and corresponding arteriovenous ©, content difference 


(Ca-csO,). MVO, at the time of ventricular fibrillation . 


(VF) occurrence was derived from the continuously 
recorded ScsO, and corresponding CBF. The arterial O, 
saturation (SaO,) and hemoglobin were determined prior 
to each VF testing. MVO, and CBF data were indexed to 
100 gm of wet left ventricular myocardium after determin- 
ing the LV weight at the end of the experiment. 

VFT determination. Ventricular fibrillation threshold 
(VFT) was determined by single extrastimulus scanning. 
Test stimuli were applied through two gold-plated 5 mm 
diameter disc electrodes, sewn about 4 cm apart to the 
anterior and posterior surfaces of the LV epicardium, 
toward the apex. A constant-current output, multiple 
signal, digital stimulator (Ramal Inc., Salt Lake City, 
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Fig. 1. Experimental setup for control of cardiac output, 
systemic arterial pressure, heart rate, and obstruction of 
coronary sinus. SG, = strain gauge; SC = servocontrol; 
T° = temperature probe; HXC = heat exchanger; 0O, = 
oxygenator; V = valve; ST = stimulator; FM = flow 
probes; ScsQ, = coronary sinus blood oxygen saturation. 


Utah) was used for delivery of test stimuli of 10 msec 
duration. The stimulator also provided the ventricular 
driving stimulus (S,) of twice threshold intensity and 2 
msec duration, which was delivered to the LV apex 
through a pair of hook electrodes. For VFT determination, 
the test stimulus (S,) was applied through the disc elec- 
trodes following every tenth S, stimulus at constant- 
current level beginning with 1 mA, and a short ineffective 
S,-S, interval that was then increased by 10 msec steps up 
to 280 msec to scan for the vulnerable period. The 
scanning was repeated with 1 mA increments in $, inten- 
sity until VF occurred. The S, intensity in mA was 
recorded as the VFT.*? 

Defibrillation was accomplished within 5 to 10 seconds 
using 5 to 20 J direct-current defibrillator discharges 
delivered through saline-moistened pads, applied outside 
the pericardial cradle. VFT retesting was not attempted 
for at least 15 minutes after each defibrillation. 

Study protocol. In all 13 animals, VFT was first 
determined while coronary sinus pressure was set at zero. 
The coronary sinus and total coronary venous outflow 
signals at the time of VF were recorded. Following defi- 
brillation, the flowmeter signals were observed until they 
again reached and remained at steady state for 10 
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Fig. 2. Individual and mean weighted regression lines of ventricular fibrillation threshold vs mean 
coronary sinus pressure. Left panel, Increase associated with unchanged coronary blood flow and O, 
consumption. Right panel, Decline associated with flow decline. Numbers in parentheses denote 
observations in each experiment. Dashed individual “two-point” slopes do not contribute to the mean 
weighted slope (see text). Mean + error ranges at the bottom indicate the pressure for highest threshold 
(left) and highest. induced pressure (right). Heavier lines are mean weighted slopes with broken ends 
extrapolating beyond mean pressures to highest individual data. CL 95% are the confidence limits. 





re.99 


VENTRICULAR FIBRILLATION THRESHOLO mA 


S INCREASE 
VFT=7.5 + 0.19 CSPmmHg 











ah Ea eee oe 
o 5 10 15 


20 25 30 


DECLINE ~——— 
VFT=19.3~0.14 CSPmmig 
f= —95 
35 40 45 50 55 60 65 70 


CORONARY SINUS PRESSURE mmHg 


Fig. 3. Effect of coronary sinus pressure on ventricular fibrillation threshold. Data presented as mean 
values + standard error. Regression lines of the mean, predictive equations, and correlation coefficients 


(r) are shown. 


minutes; VET was then redetermined. If VFT or coronary 
blood flow values differed by more than 10%, VFT was 
again redetermined, until it was within 10% of the 
previous value. Otherwise, the coronary sinus pressure was 
set in an order determined by randomization to a level 
between 0 and 70 mm Hg at steps in multiples of 5 mm Hg. 
The purpose of randomization was to allow for high and 
low coronary sinus pressures to have equal time-residual 
effects. VFT was redetermined after coronary flow had 
been stable for 5 minutes following each coronary sinus 
pressure change. Arterial and coronary venous blood 
samples for O, content determination were obtained 
before each VFT determination. Immediately after each 


VFT determination, the coronary sinus obstruction was 
released, and the heart was defibrillated. 

In three preparations, similar data were also obtained 
after setting the systemic arterial pressure at 100, 110, 120, 
and 130 mm Hg in random order and then increasing the 
coronary sinus pressure as described. 

In the 13 experiments, there were 42 pairs of VFT 
determinations at coronary sinus pressures within 5 mm 
Hg of each other performed in the same animal but at 
different times and with varying durations of coronary 
sinus obstruction. These data were analyzed in order to 
evaluate the reproducibility and effect of occlusion dura- 
tion on the results. 
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Statistical analysis. Data collected at the moment of 
VFT occurrence were tabulated and analyzed for each 
experiment by analysis of variance and linear regression. 
The mean weighted slopes (b) of the relationship of VFT, 
CBF, and MVO, to the coronary sinus pressure were 
derived for the group by multiplyirg each individual 
slope (b) by the reciprocal of its standard error squared 
(1/SE*b) and then dividing the sum of products (= b/ 
SE*b) by the sum of the weights (= 1/SE’b). This method 
of weighing reduces the contribution to the mean slope of 
experiments with fewer data points or high data variabil- 
ity®* Paired £ test analysis was used for comparison of 
VFT data obtained at similar coronary sinus pressure at 
different times and with sinus obstruction of different 
duration. 


RESULTS 


During data collection, the hematocrit was within 
32% to 40%, arterial pH within 7.35 to 7.42, and 
Paco, was within 28 to 35 mm Hg. At initial control 
with coronary sinus pressure set at 0 mm Hg, 
coronary blood flow index (CBFI) was 105.9 + 17.1 
ml/min - 100 gm“LV, myocardial O, consumption 
index (MVO,.I) was 7.82 + 0.74 ml/min - 100 
gm™“LV, and VFT was 7.36 + 1.11 mA (n = 18). 

Effect of coronary sinus pressure on VFT. VFT 
increased linearly in all experiments with increasing 
coronary sinus pressure up to a point, and declined 


with further increase (Fig. 2). In each experiment, | 


the highest VFT was identified and was used as the 
last point for the increasing slope and also as the 
first point for the declining slope. The highest VFT 
occurred at an average coronary sinus pressure 
(CSP) of 41.2 + 1.4 mm Hg. The predictive regres- 


‘sion equation was VFT,,. 6.5 + 0..4 CSP mm Hg. 


The mean weighted slope was stazistically signifi- 
cant at the p < 0.01 level. Accordirgly, the average 
maximal increase of VFT was about 82% from 
control. 

- At higher CSP, the VFT declinsd precipitously 
(VFT,,, = 20.9 — 0.27 CSP mm Hg, p < 0.02) along 
with CBFI. No spontaneous fibrilation occurred 


‘even at the highest CSPs that resulted in marked 


flow reduction. In five experiments, only two deter- 
minations were made in the higher CSP range. 
Because “two-point” slopes have zero standard 
error, these data did not contribute to the mean 
weighted slope but just widened its confidence 
limits. For this reason, data for the group were also 


analyzed by analysis of variance and the linear - 


regression of mean values was obtained (Fig. 3). 
With this analysis, a steeper slope was derived for 
the VFT increase but the VFT decl:ne was shallow. 


Accordingly, the VFT at 70 mm Hg CSP appeared 


higher than control (p < 0.05). 
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In the three preparations in which systemic arte- 
rial pressure was also set at 100 to 130 mm Hg, 
increase of CSP resulted in increase of VFT for as 
long as there was no CBF decline. Maximal VFT and 
the beginning of flow decline were again observed 
when the perfusion gradient—i.e., the difference 
between systemic arterial and coronary sinus pres- 
sure—was at 33 to 48 mm Hg, averaging 42.8 + 3.2 
mm Hg, n = 12, 

Effect of coronary sinus pressure on coronary blood 
flow. With increase of CSP, both coronary sinus and 
total coronary venous outflows declined. As a rule, 
this decline was transient, lasting for 10 to 30 
seconds for CSP below 41.2 + 1.4 mm Hg but 


. sustained and proportional to CSP at higher levels. 
‘Accordingly at steady state and for CSP below 


41.2 + 1.4 mm Hg, there was no significant change 

of CBF. Thus, the mean weighted slope of the CSP ` 

to CBF relationship was not significantly different 

a horizontal (b = 0.628 + 0.638 ml/min - 100 
-1 LV per mm Hg of CSP). 

TA this CSP level and to the maximum setting 
averaging 60.3 + 3.0 mm Hg, precipitous flow 
decline was observed in all experiments. The mean 
weighted slope b was —0.14 + 0.04 ml/min of CBFI 
for each mm Hg of CSP increase (p < 0.02). This 
mean slope, however, underestimates the individual 
steep flow decline of five experiments because, as 
mentioned above for VFT, their two-point slopes do 
not contribute in the statistical derivation of the 
mean slope. 

Effect of coronary sinus pressure on myocardial O, 
consumption. With increasing CSP, calculated 
MVO,I varied, but no significant slope was obtained 
in either individual experiment data or for the 
group. The average was 8.87 + 0.62 ml/min . 100 
gm LV and did not differ significantly from the 


-initial control value (7.82 + 0.74 ml/min - 100 gm™ 


LV). With CSP exceeding 41.2 + 1.4 mm Hg, the 
calculated MVO,I declined in a fashion similar to 
the CBF — 


DISCUSSION 


- Coronary sinus pressure and VFT. The main finding 
of this study was the consistent linear increase of . 
VFT with increased mean CSP. Since venous 
obstruction is perceived as deleterious to perfusion, 
the VFT increase would have appeared paradoxical. 
However, CBFI did not change significantly until 
CSP exceeded 41.2 + 1.4 mm Hg, the level at which 
VFT reached maximum. At higher CSP and further 
decrease of gradient, coronary flow and VFT 
declined in parallel. Since the mean SAP was main- 
tained at 80 mm Hg, the stability of CBF with 
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decreased coronary perfusion gradient suggests 

compensatory coronary vasodilation. 
' Coronary vasodilation results in increase of VFT, 
. provided coronary perfusion gradient is maintained 
and flow increases.’ On the other hand, when CBF is 
fixed, extrinsic. vasodilation induced with intracor- 
onary adenosine infusion results in decrease of 
VET.” This vasodilation presumably causes hetero- 
geneous perfusion®" and was associated with coro- 
nary artery pressure drop from 80 to 49.0 + 7.0mm 
Hg. The mechanism of these phenomena has not yet 
been elucidated. We were able to demonstrate that 
refractory periods increase and dispersion of refrac- 
toriness often decreases with increasing regional 
perfusion, as measured with radiolabeled micro- 


spheres. With fixed flow coronary vasodilation, 


refractory periods shorten in the apical subendocar- 
dium and lengthen on the subepicardium, parallel- 
ing changes in regional perfusion. 

Contrary to the previous finding of VFT decrease 
with fixed-flow extrinsic vasodilation and coronary 
arterial pressure reduction,’ in the present study the 
venous obstruction-induced intrinsic vasodilation 
(with not only unchanged flow but also with 
unchanged arterial pressure) resulted in increase of 
VET. The reasons for the different results in the two 
studies remain speculative; a possible explanation 
might be that coronary flow maldistribution was not 
involved in the present study because coronary 
artery pressure was preserved. Yet, in view of the 
similar pressure gradient in the two studies, an 
alternative explanation for the VFT difference could 
lie in the different coronary venous pressures. 

Venous obstruction may result in increase of 
extracellular fluid volume, intravascular and/or 
intercellular.2+5 Also, the intrinsic vasodilation 
may involve increased capillary channel recruit- 
ment.” By increasing electrical conductivity, the 
increased extracellular fluid volume may attenuate 
the effect of stimuli used for VFT testing, as it 
attenuates the ECG voltage.'® Whether this involves 
also dissipation of extracellular electrotonic currents 
that represent important components in the propa- 
gation of electrophysiologic wavefronts is unclear." 
The opening of additional flow channels may also 
lead to enhanced flow distribution and thereby 
enhanced extracellular ionic homogeneity, which 
affects repolarization." ° Homogenous repolariza- 
tion is credited with decreased electrical vulnerabil- 
i 12, 20 

The role of coronary venous pressure in modifying 
myocardial perfusion gradients has also been exten- 
sively examined. “Waterfall” phenomena previously 
identified in collapsible systemic and pulmonary 
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vessels?** have been identified in the coronary 
circulation.® ** Jn particular, epicardial venous cor- 
onary “waterfalls” may be exacerbated with LV 
failure and alleviated with right atrial pressure 
elevation in congestive heart failure.” Elimination 
of venous “waterfalls” may also be postulated in 
coronary sinus obstruction as a mechanism enhanc- 
ing homogenous flow distribution. The observed 
relatively rapid effect of coronary sinus obstruction 
on VFT and the lack of residual time-related effects 
favor the notion of intravascular rather than inter- 
stitial volume mechanism. Unlike Miller et al,” 
Drury et al. found no evidence of myocardial edema 
with brief periods of obstruction in their study. 
However, further studies are needed to clarify the 
issue. 

Hemodynamics of coronary sinus obstruction. The 
effect of increasing coronary venous pressure on 
other than electrophysiologic cardiac functions was 
studied previously for a variety of reasons. 
Although it has been held that coronary sinus 
occlusion may lead to mild myocardial hypoxia due 
to decreased flow,® no clear impairment of cardiac 
function has been demonstrated. Therefore, the 
coronary sinus was considered as an alternate route 
for therapeutic myocardial perfusion.”” 2% 3! 

A finding of coronary hemodynamic interest in 
this study is the constancy of CBF, which started 
declining only after the coronary perfusion pressure 
gradient was reduced below the 40 mm Hg level. The 
magnitude of this gradient was the same regardless 
of arterial pressure setting. It has been experimen- 
tally determined that in the coronary circulation the 
arterial diastolic zero flow perfusion pressure (Pzp) 
or critical closing pressure is approximately 40 mm 
Hg.*> Extravascular systolic compression of the 
coronary vasculature and the capacitance character- 
istics of the epicardial coronary vessels may modify 
‘somewhat the zero flow pressure. Whether a zero 
flow pressure shift occurs with increase of CSP 
remains controversial.” % 

In this study MVO, remained constant for as long 
as coronary venous obstruction did not affect flow; 
this suggests that no additional workload is imposed 
upon the ventricular myocardium. Others” found 
that increased CSP results in a small but statistical- 
ly significant MVO, increase, presumably via 
increased wall stiffness, a mechanism also impli- 
cated in the so-called “garden hose” effect of 
increased perfusion pressure.**4 In view of the 
considerably larger blood volume that can be accom- 
modated in the venous limb of the coronary circula- 
tion by virtue of the number and size of veins,” one 
is led to conclude that the work imposed by the 
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venous intravascular volume is not substantial, 
probably because its pressure is considerably lower 
than the arterial. l 

Clinical implications. From the clinical standpoint, 
the findings of this study may be pertinent to the 
electrophysiologic status of patients in whom coro- 
nary sinus interventions are contemplated. As the 
potential role of coronary sinus interventions i in the 
management of ischemic heart disease increases,” 
‘information regarding electrophysiologic effects on 
ischemic myocardium is also needed. The findings 
may also be pertinent to patients with chronic 
congestive heart failure, where elevated right atrial 
pressure and coronary venous congestion may exist. 
Despite a high incidence of arrhythmias, sudden 
cardiac death is unexpectedly low in this group, 
particularly when no coronary artery disease is 
present.***8 However, without further clarification of 
the basic mechanisms linking tissue perfusion to 
electrophysiology, clinical considerations will re- 
main speculative. 
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Prophylaxis of post-myocardial infarction 
dysrhythmias by long-term timolol therapy 


The antiarrhythmic efficacy of timolol maleate was assessed in 94 patients with acute myocardial 
infarction. No significant differences were noted between early treatment with timolol and 
placebo in the mean and peak hourly ventricular premature complex rates, ventricular premature 
complex couplets, or runs. However, compared to the placebo treatment, there was a significant 
(p < 0.001) 66% reduction in the relative fraction of early-cycle ventricular premature complexes 
7to9 days after Initiation of timolol therapy and a more prolonged significant {p < 0.001) 73% 
reduction in the fraction of early-cycle supraventricular complexes throughout the 28-day timolol 
and placebo comparison period. The frequency distribution of QRS duration was significantly ` 
different between the placebo- and timolol-treated patients, with the mean duration 8 msec 
longer in the placebo-treated patients (p = 0.008). Adverse effects from early administration of 
timolol did not differ from those in the placebo-treated patients. (Am Heart J 1988;115:340.) 


Narasimhan Ranganathan, M.B.B.S., Pentti M. Rautaharju, M.D., 

George G. Jablonsky, M.D., Pierre Larochelle, M.D., Jose F. Lopez, M.D., 
M. F. Matangi, M.B., Andrew L. Morris, M.D., Claude C. Nadeau, M.D., and 
Vahe Sivaciyan, M.D. Toronto and London, Ontario; Halifax, Nova Scotia; 
Montreal and Quebec, Quebec; Saskatoon and Regina, Saskatchewan; and 


Winnipeg, Manitoba, Canada 


Long-term treatment with timolol maleate has been 
shown to reduce mortality and the incidence of 
reinfarction in patients surviving acute myocardial 
infarction.! Clinical experience also indicates that 
timolol can be used effectively to control supraven- 
tricular arrhythmias.” * However, the mechanism of 
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protective action afforded by timolol, a noncardio- 
selective beta blocker, in postinfarction mortality 
and reinfarction has not been established. The 
present study was conducted to evaluate the efficacy 
and safety of timolol maleate in antiarrhythmic 
prophylaxis in patients with acute myocardial 
infarction during the first month after an acute 
myocardial infarction and to compare the effects of 
early versus late initiation of timolol therapy on the 
incidence of cardiac dysrhythmias in the second and 
third months after infarction. Stimulated by the 
observation of Krone et al.‘ that antiarrhythmic 
drugs may significantly reduce the frequency of 
ventricular premature complexes (VPCs) with short 
coupling intervals in the absence of reduction of the 
total VPC rate, a special effort was made in the 
present study to identify early- cycle premature 
complexes. 

Enumeration of true early-cycle premature com- 
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plexes from 24-hour ambulatory ECG recordings is a 
major technical and logistic problem because of 
large intra- and interindividual variations in the 
heart rate and QT intervals. It is evident that 
classification based on absolute coupling intervals, 
as done in most of the past ambulatory ECG analy- 
sis reports, has limited use in identification of true 
early-cycle premature complexes. Another major 
difficulty is that the traditional widely used Bazett’s 
formula for predicting QT intervals and their varia- 
tions with heart rate may not be valid in patients 
with acute or long-term beta blockade.*® The 
present investigation also showed that QT predic- 
tion formulas in all groups of patients during the 
post-myocardial infarction period, whether they are 
receiving placebo or beta blockers, differ substan- 
tially from the prediction formulas that are valid for 
normal subjects. It thus became necessary to estab- 
lish new QT prediction formulas for different pos- 
tinfarction study groups to estimate the prevalence 
of true early-cycle premature complexes from 24- 
hour ambulatory ECGs. New ambulatory ECG pro- 
_grams implemented also made it possible to enumer- 
ate and verify the prevalence of supraventricular 
premature complexes (SVPCs), which are usually 
ignored in computer analysis of ambulatory ECGs. 


METHODS 


A total of 94 patients (85 men and nine women) were 
entered into the study within the time limit allocated for 
recruitment according to the study protocol; these 
patients were randomly assigned to either the group 
receiving timolol maleate (early-timolol group) or the 
group receiving placebo. Patients with suspected acute 
myocardial infarction were entered into the study within 
24 hours of the onset of symptoms. The selection criteria 
required the presence of acute-phase myocardial infarc- 
tion documented by a history strongly suggestive of acute 
myocardial infarction, including prolonged (at least 30 
minutes) cardiac-type chest pain and conventional 12- 
lead ECG changes compatible with acute infarction, 
including diagnostic Q waves, ST depression or elevation 
of 0.1 mV or more, symmetrical T wave inversion, or some 
combination of the above. Further confirmation of myo- 
cardial infarction was made by measurement of routine 
serum creatine phosphokinase and by the MB isoenzyme 
of creatine phosphokinase. All enzyme-negative patients 
were dropped from the trial. ; 

Other exclusion criteria were: (1) pregnancy; (2) clini- 
cally significant conduction disturbances, including sec- 
ond-degree atrioventricular block, complete atrioventricu- 
lar block, and sinoatrial block; (3) Killip class III or IV; (4) 
pulse rate below 40 bpm; (5) known congenital or signifi- 
cant valvular heart disease; (6) known bronchospasm or 
clinically significant chronic obstructive pulmonary dis- 
ease; (7) known past history of severe impairment of liver 
or renal function; (8) patients currently receiving beta 
blocker medication, verapamil, digitalis, or other antiar- 
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rhythmic agents. (Patients receiving nifedipine were eligi- 
ble for the study only if it could be safely discontinued, as 
judged by the attending physician at the time of entry into 
the study.); (9) patients in whom timolol was contraindi- 
cated as per the investigator’s brochure; (10) a known 
previously demonstrated adverse reaction or exaggerated 
response to beta blockade; and (11) patients under the age 
of legal consent or over 75 years of age. 

The study design was a double-blind, parallel-design 
procedure; and it was placebo controlled in the first phase 
of the trial (day 1 to day 28)..In the second phase of the 
trial (day 29 to day 84), timolol therapy was initiated in 
the placebo group of phase 1, while treatment with timolol 
was continued in the early-timolol group. The purpose of 
the second phase was to compare the effects of early 
versus late initiation of timolol therapy on cardiac dys- 
rhythmias in the second and third months after infarction. 
Informed consent was obtained from each patient before 
the study procedures were begun. Treatment was started 
as soon as possible after each patient’s arrival in the 
hospital and within 24 hours of the onset of the symptoms, 
according to a randomized allocation procedure of the 
study protocol approved by the investigational review 
board. ; 

The dosage schedule for intravenous injections of timo- 
lol or placebo, administered in a double-blind manner, was 
as follows: initial 1.0 mg bolus injection followed by 1.5 mg 
doses at 10 minutes, 1 hour, and 2 hours. All injections 
were administered over a 2-minute period. The adminis- 
tration of timolol was delayed if the systolic blood pres- 


‘sure fell to less than 90 mm “Hg and was resumed when 


systolic pressure reached a level:of more than 90 mm Hg. 
The dose was also delayed if symptomatic sinus bradycar- 
dia with less than 40 bpm developed. The oral dosage 
schedule was initiated 2 hours after the last intravenous 
dose of timolol or placebo (10 mg twice a day of timolol or 
placebo in an open-label manner. Treatment was contin- 
ued until day 28. On day 29 all patients were given timolol, 
10 mg twice a day, with medication continued until day 84 
(weeks 5 to 12 or phase 2 of the study). Concomitant drug 
therapy, including normal’ supportive measures such as 
oxygen, narcotic analgesics, stool softeners, benzodiaze- 
pines, and early in-hospital treatment with diuretics or 
lidocaine or other nonbeta-blocking antiarrhythmic medi- 
cations, was allowed. Administration of verapamil and 
diltiazem was not permitted and no other antiarrhythmic 
drugs were given after the in-hospital stage. Administra- 
tion of nifedepine and digitalis was allowed only if they 
were specifically required. In such instances the reasons 
for such use were specified on the case report form. 

The mean mortality follow-up period from the study 
exit was 586 days for the timolol group and 563 days for 
the placebo group. 

Ambulatory ECG recording and methods of analysis. 
Ambulatory 24-hour ECG recording was performed in 
both study groups between days 7 to 9, 14 to 16, and 26 to 
28, 52 to 56, and 80 to 84 days after infarction. Two ECG 
leads were recorded by means of portable FM recorders 
(Del Mar Avionics, Irvine, Calif.; American Edwards 
Laboratories, Santa Ana, Calif; or ICR, East Syracuse, 
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Table 1. Clinical characteristics of patients entered into 
the study 





' Characteristics Timolol Placebo 
Patients (No. randomized) 45 49 
Sex (male/female) 41/4 44/5 
Age (yr) 

Mean 56.2 55.2 

Range 30-75 32-79 
Reported history of: 

Previous MI 2 1 

Hypertension 11 10 

Diabetes mellitus 4 8 

Hyperlipidemia 1 1 
Cigarette use 

Present smoker 30 32 
Location of MI 

Anterior 12 14 

Inferior 31 33 

Other 2 25 
Peak CPK 1258 1648 
Initial ECG : 

Heart rate/(bpm) 71.9 71.4 

PR interval (sec) 0.163 0.154 

QRS duration (sec) 0.080 0.080 

QT (sec) 0.377 0.380 





CPK = Creatine phosphokinase; MI = myocardial infarction; QT, = QT 
interval (sec)/(RR interval [sec])*. 


N.Y.). Lead 1 was recorded as a bipolar lead from the 


manubrium of the sternum to the V4-V5 area and lead 2 


from the manubrium to the V, location. 

All ambulatory ECGs were processed in a central ECG 

laboratory (in Halifax) that specializes in analysis of 
ECGs for clinical trials. The Argus/2H software system”? 
implemented on a VAX 11/780 computer was used for 
processing of the tapes, and special terminal facilities of a 
computer graphics laboratory were used by trained editors 
to verify computer labeling of VPCs, SVPCs, and other 
arrhythmic events. A special software. modification was 
also developed for the present study to detect and enut 
merate SVPCs, including procedures for verification of 
SVPC labeling. Editing decisions were documented on 
representative ECG strips that were reviewed by two 
electrocardiographers. Beat-by-beat labeled data streams 
were then handled by the program to extract variables of 
interest, and the SAS software package” was used for final 
statistical analysis. 
_ Quality control procedures for ambulatory analysis of 
ECGs. In addition to verification of QRS complex labeling 
and review by two electrocardiographers, special quality 
control procedures were introduced for verification of the 
accuracy of ECG complex labeling and detection of errors 
in classification of excessively noisy beats. As the first 
quality control procedure, a sequential sampling scheme 
was devised to inspect two-channel ECG display frames of 
16-seconds’ duration each, whereby the inspection of 
these randomly selected frames was continued until it was 
determined with 95% confidence that the error in the 
total VPC count was likely to be less than 4%. 
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In two recordings the residual VPC error rate after 
editing was estimated to exceed 4%. To obtain an 
improved estimate for the overall VPC count, 100 addi- 
tiohal 16-second frames were inspected. The total num- 
ber of all true VPCs was counted and a new VPC total 
count estimate was made, including its 95% confidence 
limits. , 

Analysis of, ambulatory ECG data. The variables 
chosen for analysis were the average and the fastest heart 
rates, average and peak hourly VPC and SVPC rates, 
number of VPC couplets and runs per 24 hours, and the 
relative fraction of early-cycle VPCs and SVPCs. The 
VPC coupling interval was determined as the interval 
from the beginning of the normal QRS complex preceding 
the VPC to the beginning of the VPC, whether it was 
isolated or a first complex of a couplet or a run. The SVPC 
coupling interval was defined similarly. A run was defined 
as three or more consecutive premature complexes. 

The software used for ambulatory ECG analysis makes 
a special provision for estimating the QRS duration from 
pooled measurements of all normally conducted com- 
plexes during the 24-hour recording period. Thus, a 
remarkably stable estimate of QRS duration was available 
from each patient during the different study periods for 
comparison of the effects of treatment. 
` Identification of early-cycle premature complexes. 
Coupling intervals normalized with respect to the esti- 
mated QT interval were used to identify early- cycle 
premature complexes. Extensive analyses were performed 
to derive best QT prediction formulas separately for each 
comparison group at various postinfarction periods of the 
study. The procedure involved sampling of three separate 
10-second segments from each ambulatory ECG recorded, 
selected from the first hour of recording, 0300 and 1500 
hours real-time, to obtain representative variations of the 
heart rate in each patient and in each study group. The 
10-second segments sampled were processed by a comput- 
er ECG program that also displayed the time points of 
wave measurements on d large graphics display screen. A 
trained editor verified the correctness of the identification 
of the onset of the QRS complex and the end of the T wave 
and made appropriate corrections if errors were identified. 
A total of 1059 QT measurements with different heart 
rates were verified by means of this procedure; QT 
regression equations were calculated for each study group, 
and they were used to compare placebo- and timolol- 
treated groups or early and late initiation of timolol 
therapy. The principal sets of regression equatioris used 
for prediction of QT intervals were as follows: (1) 7 to 9 
days after infarction: early-timolol group QT= 
266 + 0.169 RR; placebo group QT = 254 + 0.179 RR; (2) 
14 to 16 days after infarction: early-timolol group QT = 
285 + 0.166 RR; placebo group QT = 246 + 0.207.RR; (3) 
26 to 28 days after infarction: early-timolol group QT = 
265 + 0.187 RR; placebo group QT = 264 + 0.188 RR; and 
(4) 52 to 84 days after infarction: early-timolol group 
QT = 265+0.174 RR; late-timolol group QT= 
258 + 0.188 RR. 

When the RR interval of two normally conducted QRS 
complexes (N) preceding a premature complex (V) is 
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expressed in milliseconds, the QT estimate is obtained in 
milliseconds. Early-cycle premature complex was defined 
as an ectopic complex with the coupling interval (NV) to 
QT ratio 1.3 or less. NV/QT ratio less than 1 implies 
“R-on-T” ectopy, which was initially considered as a 


possible measure of early-cycle ectopic activity. However,. 


the prevalence of “R-on-T” events tends to be too low to 
have adequate statistical power for comparison of differ- 
ential trends between treatment groups, and subsequently 
it was decided to increase the threshold to 1.3. 

Statistical methods. The hourly VPC and SVPC rates 
were corrected for loss of data when segments of the 
ambulatory recordings were too noisy for processing. A-log 
transform was used to normalize VPC and SVPC count 
distributions for statistical analysis because of the wide 
variation and skewness of their distributions. Compari- 
sons of the placebo and timolol groups were performed by 
means of a two-tailed ¢ test. The percentage difference 
({placebo-timolol]/placebo) x 100 and its 95% confidence 
interval were used to express differences in the relative 
fractions of early-cycle VPCs and SVPCs. The z test for 
equality of proportions was used to test for significance of 
group differences in the occurrence of early-cycle prema- 
ture complexes. 


RESULTS 


Clinical baseline characteristics of the randomized 
patient groups. Selected clinical characteristics of the 
two study groups at the time of entry into the study 
are summarized in Table I. There were 45 patients 
in the early timolol group and 49 patients in the 
placebo group with similar age ranges and sex ratios. 
The prevalence of risk factors for coronary artery 
disease was approximately equal in both groups of 
patients. No differences were noted between the 
groups with regard to infarct site as judged by ECG. 
Peak creatine phosphokinase levels were somewhat 
lower in the early-timolol group (not significant). 
Baseline biochemical tests showed no significant 
group differences except for a serum potassium 
(K+) concentration of 3.9 mmol/L in the timolol 
group vs 4.2 mmol/L in the placebo group. This may 
have been partially related to the differences in the 
use of diuretics between the two groups before entry 
into the study (five patients in the timolol group as 
opposed to two patients in the placebo group were 
receiving diuretics at the time of entry into the 


study). The serum K+ levels were not significantly 


different between the two study grcups at the time 
of discharge from the coronary care unit. 
Withdrawal from study. Two patients treated with 
placebo and one treated with timolol did not develop 
infarctions and were excluded. Two patients from 
the placebo group were lost to follow-up. Four 
patients (two from the timolol group and two from 
the placebo group) were excluded from the study 
because of protocol violations. Twenty patients 
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Table tl. Number of patients withdrawn for all reasons 
excluding death and adverse reactions leading to with- 
drawal ; 








Reasons for withdrawal Timolol Placebo Total 


Patients randomized (n) 45 49 94 


Patients discontinued 12 17 29 
Protocol violation 2 2 4 
Ineligible 1 2 3 
Lost to follow-up 0 2 2 
Adverse effect and/or patient’s 9 11 20* 

condition worsened 

Adverse reactions* 

Sinus bradycardia (<40 bpm) 3 0 3 
Hypotension 1 1 2 
Heart failure 1 3 4 
Second-degree AV block 0 3 3 
Asthma 1 0 1 
Fatigue 4t 2 5 
Cold extremities it 1 Í 
Dizziness - it 0 0 
Cerebrovascular signs ~ 2f 1 1 
Gastrointestinal symptoms 2 0 0 








*Totals differ because more than one adverse reaction may have caused 
withdrawal. 
One patient in each category not withdrawn. 


(nine in the timolol group and 11 in the placebo 
group) were thought to have either adverse reac- 
tions, worsening of their clinical condition, or both, 
which required withdrawal from the study before its © 
completion (Table II). The study data available 
from these patients before their withdrawal were 
included in analyses in view of the fact that the 
patients were entered into the study with the inten- 
tion to treat. 

Acute effects of intravenous timolol. After the intra- 
venous administration of timolol, the average maxi- 
mum decreases in systolic and diastolic blood pres- 
sure were 17 mm Hg and 8 mm Hg, respectively. 
There was a moderate decrease in the mean heart 
rate of approximately 10 bpm. The blood pressure 
difference between the study groups remained sig- 
nificant (p < 0.001) 6 hours after infarction. Six 
hours after infarction, the mean systolic blood pres- 
sure was 110 mm Hg in the timolol group compared 
to 127 mm Hg in the placebo group. The correspond- 
ing values for diastolic pressure were 72 mm Hg and 
82 mm Hg, respectively. The 10-beat difference in 
the mean heart rate 6 hours after infarction 
remained significant (p < 0.001). 

Adverse reactions and safety. Early administration 
of timolol in patients with acute myocardial infarc- 
tion did not appear to cause any serious untoward 
reactions. Adverse effects normally ascribed to beta 
blocker therapy (i.e., bradycardia, atrioventricular 
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Fig. 1. Cumulative percentile distributions of QRS durations determined from all phase 1 ambulatory 
ECG recordings in timolol-treated (T) and placebo (P) groups. QRS durations were measured by 
ambulatory ECG program from all QRS complexes labeled as normal. Note prolongation of QRS duration 
in placebo group relative to early-timolol group throughout entire range of values for QRS duration. 
Median duration is 8 msec shorter in early-timolol vs placebo group. 


block, hypotension, and heart failure) were present 
in a small number of patients in both the timolol and 
placego groups (Table ID. 

Concomitant therapy. Supplementary drugs were 
frequently administered in both study groups for a 
variety of reasons during the study in the coronary 
care unit. However, no significant differences were 
noted between the timolol and placebo groups, 
either in the type of agents used or the number of 
episodes of such use. 

Mortality. Of the 94 patients entered into the 
study, five died during follow-up. Four of these 
patients, including one in the early-timolol group, 
had been withdrawn from the study within 48 hours. 
One patient in the late-timolol group died of a 
recurrent infarction (18 months after the study). 
The mean follow-up period from study exit was 586 
days for the timolol group and 563 days for the 
placebo group. 

Early administration of timolol versus placebo - 

Heart rate. As expected, the average heart rate 
was significantly lower throughout phase 1 of the 


study in the early-timolol group compared to the 
placebo group (61 bpm vs 75 bpm; p < 0.001) as was 
the fastest heart rate (91 bpm vs 114 bpm; 
p<0.001). 

Differences in QRS duration. A systematic differ- 
ence of 8 msec in the length of the QRS duration in 
the placebo group compared to the early-timolol 
group was observed throughout phase 1 of the study. 
It is of interest that at the time of entry into the 
study one patient in the early-timolol group was 
coded as having a left bundle branch block and one a 
left anterior fascicular block. Two patients in the 
placebo group had a left anterior fascicular block 
but none had a complete bundle branch block on the 
initial ECG. At the time of discharge from the 
coronary care unit, three patients in the placebo 
group had a right bundle branch block and two had a 
left anterior fascicular block, whereas none of the 
patients in the early-timolol group had a complete 
bundle branch block and one only had a left anterior 
fascicular block. However, these differences do not 
account for the observed mean 8 msec difference in 
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Fig. 2. Reduction in prevalence of early-cycle VPCs in ambulatory ECG recordings obtained 7 to 9 days 
after myocardial infarction in timolol-treated (T) compared to placebo (P) group. Fraction of early-cycle 
VPCs is identified from cumulative distributions of T-normalized coupling intervals (N-V) (coupling 
interval/QT ratio) 1.3 or less. RR-corrected QT intervals were estimated from regression equations derived 
separately for each study group compared. 


Table Ill. Effect of timolol therapy initiated early (day 1)* and late (day 28) after myocardial infarction on VPC 











Time 
from 
No. of initiation No. of Early- 
days of 24-hour cycle 95% 
Comparison Record after therapy Holter Total VPCs Percentage Confidence 
groups sequence infarction (days) ECGs VPCs N % difference interval 
B. Placebo 1 7-9 7-9 43 2449 2082 85.0 ` a 
C. Early timolol 2 and 3 14-28 14-28 16 8048 3564 443 (CDD = -88 5.5, -12.0 
D. Placebo 2 and 3 14-23 14-28 81 39,672 19,275 48.6 ae a tee =e 
E. Late timolol 4 52-56 24-28 38 7842 8055 39.0 (E-F)/F = ~22.8+ ~19.1, ~26.2 
F. Early timolol 4 52-56 52-56 38 8818 4447 50.4 á 
G. Late timolol 5 80-84 52-56 37 7363 4928 66.9 (G-H)/H = 0.7 —2.9, 4.4 
H. Early timolol 5 80-84 80-34 38 10,921 7259 66.5 , 
E. Late timolol 4 ; 
D. Placebo 2 and 3 (E-D)/D = —19.8t 16.7, —22.9 








*Early-cycle VPCs defined as ectopic complexes with QT-narmalized coupling interval 1.30 or less. 
tp < 0.001 for percentage differences in group with early-cycle VPCs. 
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Fig. 3. Cumulative distributions of QT-normalized coupling intervals of SVPCs in early-timolol-treated 
(T) group and placebo (P) group. Pooled ambulatory ECG recordings from visits 1 to 3 obtained 7 to 9, 14 
to 16, and 26 to 28 days after myocardial infarction. QT-normalized coupling intervals ((N-S)/QT) 1.8 or 
less identify early-cycle SVPCs that occurred in 19.2% of supraventricular ectopic complexes of timolol 


group and 70.5% of those of placebo group. 


the QRS duration. The distributions of QRS dura- 
tions in the two groups were significantly different 
throughout the whole range of QRS duration values 
(Fig. 1). 

Ventricular arrhythmias. There was a systematic 
trend toward decreased group mean values in the 
frequency of VPCs in the timolol group compared to 
patients in the placebo group (Table III). However, 
none of these differences (or differences in their log 
transforms) were significant because of the large 
variances in event rates. 

Fig. 2 and the upper part of Table III show a 
66.3% reduction in early-cycle VPCs in the early- 
timolol group compared to the placebo group 7 to 9 
days from the initiation of therapy on day 1 after 
myocardial infarction (p < 0.001; 95% confidence 
interval —63.1% to —69.3%). In the subsequent 
ambulatory recordings, approximately 2 and 4 weeks 
after infarction, the magnitude of the reduction, 
although still significant, had been reduced to less 
than 9%. 

Supraventricular arrhythmias. There was a sys- 


tematic trend toward decreased group mean values 
in the average and peak hourly rates of SVPCs in the 
timolol group compared to the placebo group in 
phase 1 of the study. However, none of the differ- 
ences in the hourly rates of SVPCs were significant 
according to results of the two-tailed t test because 
of large variance in the rates observed. 

The reduction in the relative fraction of early- 
cycle SVPCs in phase 1 was 72.8% in the early- 
timolol group compared to the placebo group 
(p < 0.001; 95% confidence interval -70.8% to 
—75.2%, Table IV). This substantial systematic 
reduction in the relative fraction of early-cycle 
SVPCs (Fig. 3) is even more striking when consider- 
ing the lower overall supraventricular ectopic com- 
plex rate in the early-timolol group. In terms of 
absolute numbers of early-cycle SVPCs there were 
481 such events in the early-timolol group compared 
to 26,073 events in the placebo group. 

Early versus late initiation of treatment 

Heart rate and QRS duration. The average heart 
rate remained slightly lower in phase 2 in the 
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Table IV. Effect of timolol therapy initiated early* ead 1) and late (day 28) after myocardial infarction on SVPC 





activity 
Time 
from 
initiation No. of 
: Days of 24-hour 
Comparison Record after therapy Holter 
groups sequence infarction (days) ECGs 
A. Early timolol 1 . 7-98 7-9 38 
B. Placebo 1 7-9 7-9 43 
C. Early timolol 2 14-16 14-16 38 
D. Placebo 2 14-16 14-16 41 
E. Early timolol 3 26-28 26-28 38 
F. Placebo 3 26-28 26-28 40 
G. Early timolol 1 to 3 7-28 7-28 114 
H. Placebo 1to3 7-28 7-28 124 
L Early timolol 4 and 5 52-84 52-84 75 
J. Late timolol 4 and 5 52-84 25-56 76 
J. Late timolol 4and 5 
J. Placebo 1to8 


*For definition of early-cycle premature complex, see Table III. 
tp < 0.001 for percentage differences in group wita early-cycle SVPCs. 


early-timolol group compared to the late-timolol 
group (61 vs 65; p = 0.063). There was no significant 
differerice in the fastest heart rate between the two 
groups (95 vs 99 bpm). The QRS duration remained 
8.4 msec shorter in the early-timolol group com- 
pared with the late-timolol group. 

Ventricular arrhythmias. No significant group 
differences were observed in phase 2 in the average 
or peak hourly VPC rate, number of couplets, or 
runs. 

There was a significant 19.8% recuction in early- 
cycle VPCs in the placebo group about 4 weeks after 
patients in this group were given timolol therapy on 
day 29 (p < 0.001; 95% confidence limits —16.7% 
and —22.9%, last row in Table III). Also, the late- 
timolol group had-a 22.8% lower rate of early-cycle 
VPCs in the same phase of the study (sequence 4, 52 
to 56 days after infarction) than the early-timolol 
group (p <0.001; 95% confidence limits —19.1% 
and —26.2%). This difference in ths rate of early- 
cycle VPCs was no longer significant in the last 
recording sequence approximately 4 weeks later. 

Supraventricular arrhythmias. No significant 
differences, were observed between the groups with 
early and late initiation of timolol therapy in the 
average or peak hourly rate of SVPCs in the second 
phase of the study. However, Fig. 4 and Table IV 





Early- 
cycle , 95% 
Total SVPCs Percentage Confidence 
SVPCs N %o difference limits 
744 140 18.8 
A-B = —66.8 -61.2, —72. 
12,231 6929 56.7 oe : : 
936 143 15.7 
C-D = -77.6 —73.9, —81. 
15,908 10,866 68.3 í yD t 3 
827 221 26.7 
E-F = —68.2 —63.9, —72.4 
8853 7428 83.9 (E/E t 
2507  4&Bi 192 
G-H = —-72.8 —70.3, —75.2 
86,992 26,073 70.5 ( il t 
6185 201 3.2 
L-J)/J = —90.9 —89.6, —92.2 
8513 3054 35.9 aD t 
(J-H)/H = —49.1f —47.2, —51.0 





reveal a striking 90.9% reduction in the rate of the 
early-cycle SVPCs in the early-timolol group com- 
pared to the late timolol group (p < 0.001; 95% 
confidence limits —89.6% and —92.2%). 


DISCUSSION 


The efficacy of beta blockers in the control of 
postinfarction dysrhythmias is of interest for several 
reasons. Ventricular arrhythmias in the postinfarc- 
tion period have been shown to be an independent 
predictor of sudden death and total mortality.’°” 
Betablockers (timolol and other agents) have been 
shown to reduce mortality and sudden death after 
myocardial infarction." ° However, the basic mecha- 
nisms for the protection of beta blockers have not 
been well defined, and the beneficial effects may be 
related to a number of factors, such as antiadrener- 
gic effect, antiarrhythmic effect, including the effect 
on ventricular fibrillation threshold; protection of 

ischemic myocardium, and antiplatelet effect. 

Several experimental*" and clinical'*” studies 
have demonstrated the antiarrhythmic effect of beta 
blockers. Recently, Gang et al? investigated the 
effects of timolol and propranolol on inducible sus- 
tained ventricular tachyarrhythmias in dogs with 
subacute myocardial infarction. These authors 
showed that timolol and propranolol not only pre- 
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Fig. 4. Cumulative distributions of QT-normalized coupling intervals of SVPCs in early-timolol-treated 
(ET) and late-timolol_treated (LT) groups. Pooled ambulatory ECG recordings obtained 52 to 56 and 80 
to 84 days after infarction. Timolol therapy was initiated on day 1 in early-timolol group and on day 28 in 
the late-timolol group. QT-normalized coupling intervals ((N-S)/QT) 1.3 or less identify early-cycle _ 
SVPCs that occurred in 3.2% of early-timolol and in 35.9% of late timolol SVPCs. 


vented the arrhythmias but also raised the ventricu- 
lar fibrillation threshold and prolonged the effective 
ventricular refractory period. These effects 
appeared to be interrelated. In contrast to these 
observations, the Beta-Blocker Heart Attack Trial 
recently concluded that the protective effect of 
propranolol had no direct relationship to its effect 
on ventricular arrhythmias.” 

The demonstration of the efficacy of the antiar- 
- rhythmic agents in controlling ventricular arrhyth- 
mias can be difficult because of large variances in 
event rates in intra- and intergroup comparisons.” 
In the absence of an overall reduction in the preva- 
lence of VPCs, a significant alteration in the distri- 
butions of the VPC coupling interval has been 
demonstrated by Krone et al.‘ It has also been 
suggested that both short and long VPC coupling 
intervals may be more prone to initiate VPC, 
although most runs are initiated by VPCs with 
intermediate coupling intervals because their rela- 
tive rate of occurrence is higher.” _ 

Implications of the results of the present study. The 


present study demonstrates significant suppression 
of early-cycle VPCs and SVPCs with both early and 
late initiation of timolol therapy. The results also 
suggest that the suppression of early-cycle VPCs 
may be less sustained than the suppression of 
early-cycle SVPCs, which remained quite pro- 
nounced throughout the observation period in the 
group with early initiation of timolol therapy com- 
pared to both the placebo group and the group with 
late initiation of timolol therapy. Thus, these results 
indicate possible systematic differences in the time 
course of the effect of timolol on the suppression of 
VPC and SVPC activity. 

The present study also suggests the importance of 
enumeration and proper identification of true early- 
cycle premature complexes, both ventricular and 
supraventricular, in ambulatory ECG analysis when 
comparing the efficacy of antiarrhythmic therapy. 
Most previous attempts to investigate early-cycle 
premature complexes have been restricted to listing 
of frequency distributions of absolute coupling 
intervals. The limitation of such studies is evident 
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when considering wide variations in QT durations 
with varying heart rates in any 24-hour ambulatory 
ECG. 

The study also shows a significant difference in 
the distribution of QRS duration between the place- 
bo and timolol groups throughout the whole range of 
QRS duration values. The mean QRS duration was 8 
msec longer in the placebo-treated patients 
(p = 0.008). It should be noted that these measure- 
ments of QRS duration were based on computer 
analysis of all QRS complexes labeled normal by the 
computer program. Validation runs performed on 
the Argus/2H program with the use of well-estab- 
lished annotated test libraries have confirmed our 
experience that a false labeling of an ectopic com- 
plex (including fusion beats or aberrant complexes) 
or artifacts as a normally conducted QRS complex is 
extremely rare.” Therefore, these estimates of QRS 
duration, performed on as many as 70,000 QRS 
complexes in each 24-hour ECG analyzed, should 
represent fairly stable measurements of the mean 
QRS duration in each patient, suitable for monitor- 
ing differences between treatment groups. It should 
be noted, however, that estimates of QRS duration 
made during Argus/2H algorithms may be signifi- 
cantly shorter than measurements of QRS duration 
made by means of conventional visual definitions for 
QRS onset and offset. 

The observations from the present study may be 
of relevance in relation to the known protective 
effect of timolol in postinfarction mortality and 
reinfarction. The shorter QRS duration may reflect 
reduction of infarct expansion in timolol-treated 
patients. It is plausible to expect that infarct expan- 
sion may delay ventricular excitation or conduction 
and thus increase QRS duration and also prolong 
QT time. The overall suppression of SVPCs may 
also similarly be a reflection of decreased infarct size 
in the timolol-treated patients. This reduction in the 
atrial arrhythmias may be related to preserved 
ventricular myocardial function and, therefore, to a 
lesser degree of atrial dilatation, reduction in atrial 
infarct size, or both. On the other hand, selective 
suppression of early-cycle premature complexes 
may indicate a direct effect on the effective refrac- 
tory period in atria and in ventricles. This fact 
perhaps indicates an increased stability of the myo- 
cardium against triggered events for more sustained 
tachyarrhythmias. Interestingly, aberrant conduc- 
tion of SVPCs has been reported to take place 
frequently before the end of the U wave.” It is 
evident that early-cycle SVPCs deserve more atten- 
tion than has been the case in past ambulatory ECG 
analyses. 
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One limitation of the present study is that beat- 
by-beat measurement of QT intervals was not feasi- 
ble with existing ambulatory ECG analysis software. 
However, the QT prediction formulas derived for 
each comparison group in the present study repre- 
sent an important first step in improving the identi- 
fication of true early-cycle premature complexes. 
These equations (listed in the Methods section) also 
show that the traditional clinical QT prediction 
formulas derived for normal subjects?” are not 
valid for QT correction with heart rate variations in 
patients with myocardial infarction, and they can- 
not be used for identification of early-cycle prema- 
ture complexes from ambulatory ECG recordings. 
Even more limited is the use of absolute coupling 
intervals for this purpose. 

The early administration of timolol in this study 
was well tolerated and had no increased adverse 
effects. The beneficial effects of timolol are probably 


related to many mechanisms outlined previously -` 


and not necessarily. based on its antiarrhythmic 
action alone. In any case, the present results lend 
further support to the concept that selective sup- 


pression of early-cycle VPCs even in the absence of a 


significant reduction of the overall VPC count, may 
play an important role among the mechanisms of 
protective action of timolol. The results also suggest 
that enumeration of early-cycle SVPCs and precise 
estimation of changes in QRS duration deserve 
serious attention in further studies on the action of 
antiarrhythmic drugs. 


We are indebted to Mr. James Warren for preparation and 
implementation of the ambulatory ECG quality control al- 
gorithms and to Mr. John Sherwood for development of the 
algorithms for enumeration of SVPCs. The technical assistance of 
Mrs. Kathy Webber and Ms. Petra Rykers in processing the 
extensive ambulatory ECG data files and coordinating the ambu- 
latory ECG project is gratefully acknowledged. We also acknowl- 
edge the technical assistance of P. Yusko, B.Sc; M. Beaudry, 
M.Se.; K. Darbyson, B.Sc., and G. Krip, Ph.D., in preparing, 
processing, and analyzing the trial data. 


REFERENCES 


1. The Norwegian Multicenter Study Group. Timolol-induced 
reduction in mortality and reinfarction in patients surviving 
acute myocardial infarction. N Engl J Med 1981;304:801-7. 

2. Sweany AE, Moncloa F, Vickers FF, Zupkis RV. Antiarrhyth- 
mic effects of intravenous timolol in supraventricular 
arrhythmias. Clin Pharmacol Ther 1985;37:124-7. 

3. White HD, Antman EM, Glynn MA, et al: Efficacy and safety 
of timolol for prevention of supraventricular tachyarrhyth- 
mias after coronary artery bypass surgery. Circulation 
1984;70:479-84. 

4. Krone RJ, Miller P, Kleiger RE, Clark KW, Oliver GC. The 
effectiveness of antiarrhythmic agents on early-cycle prema- 
ture ventricular complexes. Circulation 1981;63:664-9. 

. Nyberg G, Vedin A, Wilhelmsson C. QT time in patients 
treated with alprenolol or placebo after myocardial infarc- 
tion. Br Heart J 1979;41:452-5. 


on 


r 


r 


350 Ranganathan et al. 


10. 
11. 


12. 


13. 
14. 
15. 


16. 


17. 


18. 


. Browne KF, Zipes DP, Heger JJ, Prystowsky EN. Influence 


of the autonomic nervous system of the Q-T interval in man. 
Am J Cardiol 1982;50:1099-1103. 


. Nolle FM, Oliver GC, Kleiger RE, Cox Jr JR, Clark KW, 


Ambos AD. The Argus/H system for rapid analysis of ventric- 
ular arrhythmias. In: Proceedings of computers in cardiology. 
Bethesda, Md, 1974;37-42. 


. Mead CN, Thomas Jr LJ, Cox Jr JR, Clark KE, Ferriero T, 


Oliver GC. Improved Argus/H system for high speed electro- 
cardiogram analysis. In: Proceedings of computers in cardiol- 
ogy. Rotterdam, 1975;7-13. 


. Miller JP, Ritter JA, Clark KW, Thomas LS, Oliver GC. 


Extended analysis of Argus/H quantified ventricular ectopic 
activity. In: Proceedings of computers in cardiology. St. 
Louis, October 7-9, 1976:165-70. 

SAS Users Guide. Statistics, 1982 Edition. Casy, N.C.: SAS 
Institute Inc, 1982. 

Kotler MN, Tabatznik B, Mower MM, Tominaga S. Prognos- 
tic significance of ventricular ectopic beats with respect to 
sudden death in the late post-infarction period. Circulation 
1973;47:959-66. 

Schulze Jr RA, Strauss HW, Pitt B. Sudden death in the year 
following myocardial infarction: relation to ventricular pre- 
mature contractions in the late hospital phase and left 
ventricular ejection fraction. Am J Med 1977;62:192-9. 
Ruberman W, Weinblatt E, Goldberg JD, Frank CW, Shapiro 
S. Ventricular premature beats and mortality after myocardi- 
al infarction. N Eng] J Med 1977;297:750-7. 

Beta-Blocker Heart Attack Trial Research Group. A random- 
ized trial of propranolol in patients with acute myocardial 
infarction. I. Mortality results. JAMA 1981;247:1707-14. 
Pentecost BL, Austen WG. Beta-adrenergic blockade in 
experimental myocardial infarction. AM Heart J 1966;72: 
790-6. 

Khan MI, Hamilton JT, Manning GW. Early arrhythmias 
following coronary occlusion in conscious dogs and their 
modification by beta-adrenoceptor—blocking drugs. Am 
HEART J 1973;86:347-58. 

Mouille P, Schmitt H, Cheymol G, Gautier E. Cardiovascular 
and beta-adrenergic blocking effects of timolol. Eur J Phar- 
macol 1976;35:235-43. 

Josephson ME, Horowitz LN. Electrophysiologic approach to 
therapy of recurrent sustained ventricular tachycardia. Am J 
Cardiol 1979;43:631-2. 


19. 


20. 


21, 


22, 


24, 


25. 


26. 


27. 


28. 
29. 


30. 


February 1988 
American Heart Journal 


Woosley RL, Kornhauser D, Smith R, et al. Suppression of 
chronic ventricular arrhythmias with propranolol. Circula- 
tion 1979;60:819-27. 

Koppes GM, Beckmann CH, Jones FG. Propranolol therapy 
for ventricular arrhythmias 2 months after acute myocardial 
infarction. Am J Cardiol 1980;46:3822-8. 

Ryden L, Ariniego R, Arnman K, et al. A double-blind trial of 
metoprolol in acute myocardial infarction. Effects on ventric- 
ular tachyarrhythmias. N Eng! J Med 1983;308:614-18. 
Rossi PR, Yusuf S, Ramsdale D, Furze L, Sleight P. Reduc- 
tion of ventricular arrhythmias by early intravenous atenolol 
in suspected acute myocardial infarction. Br Med J 1983; 
286:506-10. 


. Gang ES, Bigger T, Uhl EW. Effects of timolol and propran- 


olol on inducible sustained ventricular tachyarrhythmias in 
dogs with subacute myocardial infarction. Am J Cardiol 
1984;53:275-81. 

Friedman LM, Byington RP, Capone RJ, Furberg CD, Gold- 
stein S, Lichstein E. Effect of propranolol in patients with 
myocardial infarction and ventricular arrhythmia. J Am Coll 
Cardiol 1986;7:1-8. 

Morganroth J, Michaelson EL, Horowitz LN, Josephson ME, 
Pearlman AS, Dunkman WB. Limitations of routine long- 
term electrocardiographic monitoring to assess ventricular 
ectopic frequency. Circulation 1978;58:408-14. 

Thanavaro S, Kleiger RE, Miller JP, Province MA, Friedman 
E, Oliver GC. Coupling interval and types of ventricular 
ectopic activity associated with ventricular runs. AM HEART J 
1983;106:484-91. 

Simonson E, Cady Jr LD, Woodbury M. Relationships 
between fractions of the QT interval. J Appl Physiol 
1963;18:402-4. 

Bazett HC. An analysis of the time relations of electrocardio- 
grams. Heart 1920;7:353-70. 

Zeelenberg C. Review of ambulatory monitoring systems 
developed at research institutes. In: Marchesi C, ed. Ambula- 
tory monitoring. Cardiovascular system and allied applica- 
tions. The Hague: Martinus Nijhoff, Publishers, 1984:56. 
Watanabe Y, Toda H. The U wave and aberrant intraven- 
tricular conduction. Further evidence for the Purkinje repo- 
larization theory on genesis of the U wave. Am J Cardiol 
1978;41:23-31. 


REFINE YOUR 
SPECIAL SKILLS 


NEW! 

CARDIOVASCULAR 
PROCEDURES: Diagnostic 
Techniques and Therapeutic 
Procedures 


By Ara G. Tilkian, M.D., FA.C.C. and Elaine Kiess 
Daily, R.N., B.S., R.CMT., with 21 consultants and 7 
contributors 
Announcing the definitive text on cardiovascular pro- 
cedures — comprehensive, practical, and up-to-date! 
Covering all aspects, it discusses rationale, explains 
equipment, and provides step-by-step instructions to 
best manage each circumstance. Contains: 
explicit directives regarding 
preoperative/preprocedure orders 
specific warnings and alerts to possible pitfalls and 
complications 
fully referenced to facilitate further research and 
study 
Elaborately illustrated, this is the guide to help you 
refine your special skills. 
1986. 543 pages, 462 illustrations. (Book Code: 04965) 
$52.50 (U.S.); $72.50 (Can.) 


In a hurry to order? 
Call FREE 800-221-7700, ext. 15A. ae 
Our hotline is open 24 hours a 


day, 7 da ek. MOSBY 
Ys 1 GAYS a WEEK: FLR-013-002 


Yes! Send my 30-day on-approval copy of: 

Tilkian’s CARDIOVASCULAR PROCEDURES (04965) $52.50 
(U.S.); $72.50 (Can.) 

Save money! Enclose payment with your order or charge it to your 
credit card. Mosby will pick up the tab for shipping and handling. 

O Payment enclosed 

Charge my credit card: © MasterCard O VISA 

Cats sa Ss. See Sh Expat 


Signature 





Business phone (____) 
O Bill me, plus shipping and handling. 


Name 

Address 

City 

a ea SD RE a) 

O Add me to your mailing list. (No purchase necessary) 
Specialty 


To properly process Purchase Orders and for more personal service, mail this coupon to: 
Dennis Carson, The CV. Mosby Company, 11830 Westline Industrial Drive, St. Louis, MO 63146. 





30-day approval good in U.S. and Canada. Outside U.S. and Canada, please pay in dollar 
equivalent. ALL PRICES SUBJECT TO CHANGE. Add applicable sales tax. 


FLR-013-002-03 











For greate 
dosage flexi 


NEW 


ISOPTIN , 


(verapamil HCI/ 


40 mg scored, film-coa 


A product ¢ 
Knoll resear 


Knoll Pharmaceuticals 
AU ASF K& on 





BASF Group | 


© 1987, BASF K & F Corporation 


Actual Tablet Size 


Y 


40 mg blue, scored, 
film-coated tablet 


80 mg yellow, scored, $ | 
film- coated tablet 


0) 


120 mg white, scored, g 
film-coated tablet 


hen you consider Coronary Heart Disease (CHD) risk reduction, 


The lipid effects 
of thiazide diuretics may 
negate their positive 


antihypertensive effect. 
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Initiate Positive Action 
with Minipress 


First-line control of 
hypertension without the 
negatives of diuretics 


Minipress and diuretics both 
deliver effective first-line blood 
pressure control. But unlike 
thiazide diuretics, Minipress 
does not compromise lipid 
metabolism!; additionally, 
potassium balance’ and diabetes 
control are not compromised °:? 
And sexual dysfunction is 
seldom a problem with 
Minipress$ Impotence has been 
reported but in less than 1% of 
patients on Minipress. 


(prazosin HCl) 


With Minipress, most 
common adverse reactions, 


generally mild and transient, are: 


dizziness, headache, drowsiness, 
palpitations, and nausea. 
Syncope has.been reported in 
about 0.15% of patients at the 
recommended 1 mg initial dose. 
Fluid retention may occur. 


Minipress. 
The positive first-line 
approach to hypertension. 
Instead of diuretics. 
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Thiazide 
Diuretics 






Controls 
Hypertension 


No adverse effect on 
Blood Lipids 






No adverse effect on 
Potassium Balance 











Does not 
compromise 
Glucose Tolerance 











Rarely 
compromises 
Sexual Function 






ae 


40A 





3y 


nit 
(PAZOS HC "re 


MINIPRESS (prazosin hydrochloride) CAPSULES For Oral Use 
INDICATIONS AND USAGE: MINIPRESS (prazosin hydrochloride) is indicated in the treatment of hyper- 
tension. Itis mild to moderate in activity and can be used as the initial agent or in a general treatment pro- 
gram in conjunction with a diuretic and/or other antihypertensive drugs as needed. 
CONTRAINDICATIONS: None known 
batter pit B iate iaaea eya mea pes a 
believed an postural hypotensive p occasional 
sa ends epee yt ofeach eer ot e 
beats per minute. Syncopal episodes have usually occurred within 30 to 90 minutes of the 
initial dose of the drug; occasionally they have been reported in association with rapid 
increases or the of eae pean roy ls oats a bale - 
ing high doses of MINIPRESS. The incidence of syncopal epi ranap vae Aikat 
tients given an initial dose of 2 mg or greater. Clinical trials conducted di oo 
phase of this drug that syncopal episodes can be minimized by limiting the initial dose 
of the drug to 1 mg, by subsequently increasing the dosage slowly, and by introducing any ad- 
ditional abi drugs into the patient's regimen with caution (see DOSAGE AND 
ADMINISTRATION). Hypotension may develop in patients given MINIPRESS who are also re- 
ceiving a beta-blocker such as propranolol. 

Hf syncope occurs, the patient should be placed in the recumbent position and treated supportively as 
necessary. This adverse effect is self-limiting and in most cases does not recur ater the initial period of 
therapy or during subsequent dose titration. The patient should also be cautioned to avoid situations where 
injury Could result should syncope occur during the initiation of MINIPRESS therapy. 

PRECAUTIONS: /nformation for Patients: Dizziness or drowsiness may occur alter the first dose of this 
medicine. Avoid driving or performing hazardous tasks for the first 24 hours after taking this medicine or 
when the dose is increased. Dizziness, lightheadedness or fainting may occur, especially when rising Irom 
a lying or sitting position. Getting up slowly may help lessen the problem. These effects may also occur if 
you drink alcohol, stand or long periods of time, exercise, or if the weather is hot. While taking MINIPRESS, 
be caretul in the amount of alcohol you drink. Also, use extra care during exercise or hot weather, or if stand- 
ing for long periods. Check with your physician if you have any questions. 

Drug Interactions: MINIPRESS has been administered without any adverse drug interaction in limited 
clinical experience to date with the following: (1) cardiac glycosides-digitalis and digoxin; (2) hypogly- 
cemics-insulin, chlorpropamide, phenformin, tolazamide, and tolbutamide; (3) tranquilizers and seda- 
tives-chlordiazepoxide, diazepam, and phenobarbital; (4) antigout-allopurinol, colchicine, and 
probenecid; (5) antiarrhythmics-procainamide, propranolol (see WARNINGS however), and quinidine: and 
(6) analgesics, antipyretics and anti-inflammatories-propoxyphene, aspirin, indomethacin and 
phenylbutazone. 

Addition of a diuretic or other antihypertensive agent to MINIPRESS has been shown to cause an additive 
hypotensive effect. 

Drug/Laboratory Test Interactions: False positive results may occur in screening tests for pheochro- 
mocytoma in patients who are being treated with prazosin. If an elevated VMA is found, prazosin should be 
discontinued and the patient retested after a month. 

Laboratory Tests: in clinical studies in which lipid profiles were followed, there were generally no adverse 
changes noted between pre- and post-treatment lipid levels 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No carcinogenic potential was demonstrated 
in an 18 month study in rats with MINIPRESS (prazosin hydrochloride) at dose levels more than 225 times 
the usual maximum recommended human dose of 20 mg per day. MINIPRESS was not mutagenic in in vivo 
genetic toxicology studies. In a fertility and general reproductive performance study in rats, both males and 
females, trealed with 75 mg/kg (225 times the usual maximum recommended human dose). demonstrated 
decreased fertility while those treated with 25 mg/kg (75 times the usual maximum recommended human 
dose) did not 

In chronic studies (one year or more) of MINIPRESS in rats and dogs, testicular changes consisting of 
atrophy and necrosis occurred at 25 mg/kg/day (75 times the usual maximum recommended human dose) 
No testicular changes were seen in rats or dogs at 10 mg/kg/day (30 times the usual maximum recom- 
mended human dose). In view of the testicular changes observed in animals, 105 patients on long term 
MINIPRESS therapy were monitored for 17-ketosteroid excretion and no changes indicating a drug effect 
were observed. In addition, 27 males on MINIPRESS for up to 51 months did not have changes in sperm 
morphology suggestive of drug effect 
Usage In Pregnancy: Depa Category C. There are no adequate and well controlled studies which 
establish the safety of MINIPRESS (prazosin HCI) in pregnant women. MINIPRESS should be used during 
pregnancy only if the potential benefit justifies the potential risk to the mother and fetus 

Mothers: MINIPRESS has been shown to be excreted in small amounts in human milk. Caution 
should be exercised when MINIPRESS is administered to a nursing woman. 
Usage in Children: Satety and effectiveness in children have not been established 
ADVERSE REACTIONS: Clinical trials were conducted on more than 900 patients. During these trials and 
subsequent marketing experience, the most frequent reactions associated with MINIPRESS therapy are: diz- 
iness 10.3%, headache 78%, drowsiness 76%, lack of energy 6.9%, weakness 6.5%, palpitations 5.3%, 
and nausea 4.9% In most instances side effects have disappeared with continued therapy or have been 
tolerated with no decrease in dose of drug. 

Less frequent adverse reactions which are reported to occur in 1-4% of patients are 

Gastrointestinal: vomiting, diarrhea. constipation; Cardiovascular: edema, orthostatic hypotension, dysp- 
nea, syncope: Central Nervous System: vertigo, depression, nervousness, Dermatologic. rash, Genitouri- 
nary: urinary frequency; EENT: blurred vision, reddened sclera, epistaxis, dry mouth, nasal congestion. 

ín addition, fewer than 1% of patients have reported the following (in some instances, exact causal rela- 
tionships have not been established) 

Gastrointestinal’ abdominal discomfort and/or pain, liver function abnormalities, pancreatitis, Cardio- 
vascular: tachycardia; Central Nervous System: paresthesia, hallucinations, Dermatologic: pruritus, alo- 
pecia, lichen planus; Genitourinary: incontinence, impotence, priapism: EENT: tinnitus; Other: diaphoresis 
fever. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports of cataract development 
or disappearance have been reported 
OVERDOSAGE: Should overdosage lead to hypotension, support of the cardiovascular system is of first 
importance. Restoration of diood pressure and normalization of heart rate may be accomplished by keeping 
the patient in the supine position. If this measure is inadequate, shock should first be treated with volume 
expanders. If necessary, vasopressors should then be used. Renal function should be monitored and sup- 
ported as needed. Laboratory data indicate MINIPRESS is not dialysable because it is protein bound 
DOSAGE AND ADMINISTRATION: The dose of MINIPRESS should be adjusted according to individual 
blood pressure response. 

Initial Dose: \ mg two or three times a day. 
Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 mg given in divided doses. 
The therapeutic dosages most commonly employed have ranged fram 6 mg to 15 mg daily given in divided 
doses. Doses higher than 20 mg usually do not increase efficacy; however a few patients may benefit from 
further increases up to a daily dose of 40 mg given in divided doses. After initial titration some patients can 
be maintained adequately on a twice daily dosage regimen 
Use With Other Drugs: When adding a diuretic or other antihypertensive agent, the dose of MINIPRESS 
should be reduced to 1 mg or 2 mg three times a day and retitration then carried out 
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Announcing an important symposium prior to the 37th Annual Session 


of the American College of Cardiology. 


Cardioprotective Effects of 
Angiotensin-Converting Enzyme Inhibitors 


Saturday, March 26, 1988 
Atlanta Marriott Marquis 
Atlanta, Georgia 


5:00 pm-6:15 pm Registration and Buffet 
6:30 pm-10:00 pm Symposium (Marquis Ballroom I & II) 
10:00 pm-11:00 pm Reception With Faculty 


Chairman: Eugene Braunwald, MD 
Renin-Angiotensin System and the Heart 
Neurohormones in Patients with Left Ventricular Dysfunction and/or Myocardial Ischemia 
Free Radicals and Reperfusion-Induced Myocardial Injury 
Remodeling of the Ventricle Following Myocardial Infarction 
Prognostic Significance of Ventricular Enlargement 
Attenuation of Ventricular Enlargement Following Myocardial Infarction — Effect of Captopril 


Survival and Ventricular Enlargement Following Acute Myocardial Infarction 


On-site registration will be held outside the Marquis Ballroom. 
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SUSTAINED-RELEASE CAPLETS 


CALAN® SR (verapamil HCI) SUSTAINED-RELEASE CAPLETS 240 mg 
BRIEF SUMMARY 


Contraindications: Severe left ventricular dysfunction (see Warnings). hypotension (systolic pressure 
<90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present). 2nd- or 3rd-degree AV 
block (if no pacemaker is present) 

Warnings: Verapamil should be avoided in patients with severe left ventricular dysfunction (eg. ejection 
fraction<30%) or moderate to severe symptoms of cardiac failure and in patients with significant ventricular 
dysfunction if they are receiving a beta-adrenergic blocker. Control milder heart failure with optimum 
digitalization and/or diuretics before Calan SR is used. Verapami! may occasionally produce a decrease in 
blood pressure below normal levels. which may result in dizziness or symptomatic hypotension. Elevations of 
liver enzymes have been reported. Several cases of hepatocellular injury have been demonstrated to be 
produced by verapamil. Periodic monitoring of liver function in patients on verapamil is prudent. Some 
patients with paroxysmal and/or chronic atrial flutter/fibrillation and an accessory AV pathway (eg. WPW or 
LGL syndromes) have developed an increased antegrade conduction across the accessory pathway bypassing 
the AV node, producing a very rapid ventricular response or ventricular fibrillation atter receiving |. V verapamil 
(or digitalis). The effect of verapamil on AV conduction and the SA node may cause asymptomatic 1st-degree AV 
block and transient bradycardia. sometimes with nodal escape rhythms. PR-interval prolongation is correlated 
with verapamil plasma concentrations especially during initial titration. Higher degrees cf AV block are 
infrequent (0.8%). Development of marked 1st-degree block or progression to 2nd- or 3rd-degree block 
requires reduction in dosage or. rarely. discontinuation and institution of appropriate therapy. Sinus bradycar- 
dia, 2nd-degree AV block, sinus arrest. pulmonary edema and/or severe hypotension were seen in some 
Critically ill patients with hypertrophic cardiomyopathy who were treated with verapamil 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic function (in severe 
dysfunction use about 30% of the normal dose) or impaired renal function. and patients should be monitored 
for abnormal prolongation of the PR interval or other signs of overdosage Verapamil may decrease neu- 
romuscular transmission in patients with Duchenne’s muscular dystrophy and may prolong recovery from the 
neuromuscular blocking agent vecuronium. It may be necessary to decrease verapamil dosage in patients with 
attenuated neuromuscular transmission. Studies in a small number of patients suggest that concomitant use 
of Calan and oral beta-adrenergic blockers may be beneficial in certain patients with chronic stable angina or 
hypertension. Combined therapy can also have adverse effects on cardiac function; therefore patients should 
be closely monitored. A decrease in metoprolol clearance may occur with concurrent use of verapamil and 
metoprolol. Chronic verapamil treatment increases serum digoxin levels by 50% to 75% during the first week 
of therapy, which can result in digitalis toxicity. The digoxin dose should be reduced when verapamil is given 
and the patient reassessed. Verapamil used concomitantly with oral antihypertensive agents will usually have 
an additive effect on lowering blood pressure that in some cases may be excessive; therefore patients should be 
monitored appropriately. Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration. Until further data are obtained. combined verapamil and quinidine therapy in patients with 
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hypertrophic cardiomyopathy should probably be avoided. since signific 
levels may increase during verapamil therapy. Clearance ot verapamil mi 
cimetidine. Concomitant use of verapamil and lithium may result in decr 
therapy may increase carbamazepine concentrations during combin 
markedly reduce oral verapamil bioavailability. Concomitant use of inhal. 
nists needs careful titration to avoid excessive cardiovascular depre: 
activity of neuromuscular blocking agents (curare-like and depolarizing 
One study in rats did not suggest a tumorigenic potential. and verapam! 
Another study in rats showed no evidence of carcinogenicity Pregnancy ( 
well-controlled studies in pregnant women. This drug should be used ı 
only if clearly needed. Verapamil is excreted in Dreast milk; therefore. n 
verapamil use. Safety and efficacy in children under 18 have not been ı 
Adverse Reactions—ora! verapamil: Constipation (8.4%), dizziness | 
(2.5%). edema (2.1%). headache (1.9%), CHF/pulmonary edema (1.8 
<50/min (1.4%). AV block: total 1°, 2°. 3° (1.3%)/3rd-degree (0.8%) 
enzymes have been reported (see Warnings). The following reactions, 
occurred under circumstances where a causal relationship is not c 
claudication, myocardial infarction. palpitations, purpura (vasculitis) 
trointestinal distress. gingival hyperplasia. ecchymosis or bruising, ¢ 
equilibrium disorders. insomnia, muscle cramps. paresthesia, psy 
nolence, dyspnea, arthralgia. rash, exanthema. hair loss. hyperkera 
blurred vision, gynecomastia, impotence, increased urination. spotty | 





Reference: 1. Schmieder RE, Messerli FH, Garavaglia 
effects of verapamil in patients with essential hypert 
1987;75:1030-1036. 
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12 weeks 


PRESERVES RENAL 
PERFUSION 


Renal blood flow, glomerular 
filtration rate, and filtration 
fraction are maintained while 
renal vascular resistance is 
reduced: CALAN SR helps pre- 
serve renal function.’ 


WELL-PRESERVED RENAL 
BLOOD FLOW' 
` Renal blood flow (ml/min) 
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N=10. Before and after differences are 
not statistically significant. 

Dosage: 240-480 mg/day. 
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VASCULAR FUNCT 


CALAN SR promotes co 
blood flow, maintains q 
performance, and has 
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left ver-ricular hypertr¢ 
(thus decreasing the ag 
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Left ventricular mass inq 
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Baseline 
N= 10; P< .05 vs. baseline 
Dosage: 240-480 mg/day 





E A unique physiologic mechanism of action 
for immediate and long-term benefits 


E Effective and safe monotherapy for most hyper- 
tensive patients 


E Maintains blood flow to vital organs, including 
the kidneys and heart 


@ Helps preserve renal and cardiac performance 


E Significantly reduces left ventricular hyper- 
trophy and its associated risks 


@ Promotes patient compliance with well- 
tolerated, once-a-day therapy* 


* Some patients may require b.i.d. dosing. 


Please see the first page of this advertisement for reference and a brief 
summary of the complete prescribing information 
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Electrophysiologic effects of 


desethylamiodarone, an active metabolite of _ a: OS 
amiodarone: ‘Comparison with. amiodarone . E 


l during chronic, administration in rabbits 


During acute euertusion Studies by means of the standard Beets technique, we 
previously showed that both amiodarone and its major metabolite, desethylamiodarone, had a 
modest effect on the lengthening of the action potential duration (APD) at high drug 


concentrations and produced a.rate-dependent block. of the sodium channel in cardiac muscle. In 
this study the comparative electrophysiologic effects of the two compounds in rabbits ‘treated 
chronically -with these compounds were determined with particular reference to repolarization 
and sinus node automaticity. The changes were correlated with those in serum and tissue drug 
levels and in thyroid hormone indices. After 1 week neither compound had a significant effect on 


: atrial or sinus nodal potentials; after 3 weeks, amiodarone increased the atrial APD at 90% 
repolarization time by 10.5% (p < 0.05) and the effective refractory period (ERP) by 6.7%: 





(p < 0.05). The corresponding figures for desethylamiodarone were 13% (NS) and 18% (NS). The 
sinus cycle length was increased 12% (NS) by amiodarone and 27.9% (p < 0.05) after the f 
metabolite. In animals treated for 6 weeks, amiodarone increased the ventricular APD at 90% 
repolarization by 58.8% (p < 0.01) and desethylamiodarone by 42.0% the corresponding figures 
for the ERP were 63.4% (p < 0.01 and 47.4% (p < 0.01), respectively. At the stimulation 
frequency used, neither compound exerted a significant effect on V,,,,. Both amiodarone and - 
desethylamiodarone significantly decreased serum triiodothyronine and increased reverse 
triiodothyronine levels but had no effect on thyroxine. Neither the electrophysiologic effects nor 
those in thyroid hormone. indices could be related systematically to the serum or tissue levels of 
amiodarone or desethylamiodarone. The data indicate the after chronic drug administration, 
desethylamiodarone exerts electrophysiologic effects, the magnitude and latency of onset of 


ie which. were comparable to those of the parent compound. The metabolite has significant : 
electrophysiologic effects that are likely to be additive to those of the parent compound during’ ms - p | oat 
-chronic administration. (Am Heart J 1988;115:351.) eet a 


Rinya Kato, M. D., Ne Venkatesh, M.D., Kaichiro Kamiya, M.D., 
Steven Yabek M.D., Ramaswamy Kannan, Ph.D.;.and : 
Bramah N. Singh, M.D., D.Phil. Los Angeles, Calif. 


Extensive experience has established that amioda- i 


rone is an extremely effective antiarrhythmic agent 
for supraventricular and ventricular tachyarrhyth- 
mias.’*. Although there is some controversy, it is 
generally agreed that the effects of the intravenously 
administered drug are ‘significantly less than those 
that occur after chronic drug administration.” For 
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example, although amiodarone depresses automatic- 


_ ity in the isolated rabbit sinus node,’ in vivo there 
_is little or no reduction i in heart rate after: intrave- 


nous drug injection! and. bradycardia develops | 
only as a function of time during chronic _drug. : 


administration at a constant dose.'*™% Similarly, 
_ after intravenous drug administration i in experimen- 
‘> tal animals and in humans, there is prolongation of 


the atrioventricular nodal conduction time:and: the ' 


_ effective refractory period (ERP) but no-measurable. tes 
change in cardiac repolarization or ventricular ` a 


refractoriness," despite the high serum” and myo- 
cardial concentrations.” In contrast, when the dřug 


_ is administered chronically there are marked elec- `- 
. trophysiologic changes dominated. by the consistent 


lengthening of the.action potential duration (APD) 
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and ERP in the atria, atrioventricular node, ventri- 
cles, and accessory tracts of the heart.” *!° These 
changes are characterized by a distinct but variable 
latency of onset, the nature of which is not under- 
stood. It has been suggested that such a latency may 
result from the slow formation of a pharmacological- 
ly active metabolite, desethylamiodarone,” or 
delayed attainment of effective drug concentrations 
in the myocardium.” It has also been suggested 
that the delay in the onset of drug action may be due 
to complex metabolic alterations and tissue receptor 
interaction involving thyroid hormones” requiring a 
finite period of time to achieve a steady-state effect 
in the myocardium. 

We have shown that the metabolite is at least as 
effective pharmacologically as the parent compound 
in inducing acute electrophysiologic effects, in 
inhibiting beta-adrenergic receptors in the myocar- 
dium,” and in interacting pharmacokinetically with 
digoxin.” In this study we examined the possibilities 
that the latency of onset of the electrophysiologic 
action of amiodarone may be the result of the 
activity of its metabolite and/or the delayed attain- 
ment of steady-state serum and tissue levels of the 
metabolite and the parent compound. The chronic 
effects of desethylamiodarone on the transmem- 
brane action potentials of the rabbit sinoatrial node 
and atrial and ventricular muscle were therefore 
compared with those of amiodarone relative to the 
serum and myocardial drug concentrations and 
serum thyroid hormone indices. 


METHODS 


New Zealand white male rabbits, weighing 1.5 to 2.5 kg, 
were used. The sinus node, atrium, and ventricular myo- 
cardium were studied. Groups of rabbits were treated as 
follows: amiodarone, 20 mg/kg orally for 1 week (n = 7) 
and 3 weeks (n = 7), and 20 mg/kg intraperitoneally for 6 
weeks (n = 6); and desethylamiodarone, 20 mg/kg orally 
for 1 week (n = 6) and 3 weeks (n = 5). Fifteen animals 
were treated with double-distilled water for 1. week 
(n = 5), 3 weeks (n = 5), and 6 weeks (n = 5). The data 
from these three subgroups did not differ and were 
therefore pooled. These animals served as control sub- 
jects. To further determine the chronic effects of desethy- 
lamiodarone, an additional series of 27 animals was 


studied: 12 served as control subjects, seven were treated _ 


with amiodarone, 20 mg/kg orally, and eight were treated 
with desethylamiodarone, 20 mg/kg orally, for 6 weeks. 
Blood samples were obtained from the ear lobe veins 
before and after completion of treatment. The blood was 
spun and serum samples were stored at 20° C until 
analyses for serum levels of thyroid hormones, amioda- 
rone, and desethylamiodarone were performed. After 
treatment was completed, transmembrane action poten- 
tials from the sinoatrial node, atria, and ventricles were 
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recorded. For recordings from the sinoatrial node and 
right atria, tissue preparations of the same animal were 
used. 

Measurement of transmembrane action potentials. 
After an overdose of pentobarbital sodium, the hearts 
were quickly removed and placed in cool, oxygenated 
(95% oxygen and 5% carbon dioxide) Tyrode’s solution. 
The sinus node with crista terminalis, small portions of 
the interatrial septum, and right atrial appendage were 
dissected and pinned, with the endocardial surface facing 
up, to the tissue chamber and were allowed to beat 
spontaneously. 

Tissue preparations of the ventricular myocardium 
involved careful dissection of the right ventricular outflow 
tract, measuring 0.5 cm X 0.75 to 1.00 cm. The preparation 
was fixed in a tissue bath with the endocardial side up and 
was stimulated by means of Teflon-coated bipolar silver 
wire electrodes connected via a stimulus isolation unit to a 
Grass S-88 stimulator. Impuises of 2 msec duration and 
twice diastolic threshold current were used. To examine 
the frequency-dependent effects on ventricular muscle 
action potential parameters, some preparations were stim- 
ulated for at least 60 seconds at 2 Hz, 3 Hz, 4 Hz, and 5 Hz. 
The Tyrode’s solution had a pH of 7.35 + 0.05 and the 
following composition (mmol/L): NaCl 130, KC1 4.0, CaCl, 
1.8, MgSO, 0.5, NaH,PO, 1.8, glucose 5.5., and NaHCO, 
18.0. The rate of flow through the tissue chamber was 10 
to 15 ml/min, and the temperature was maintained at 
36 + 0.5° C. 

Transmembrane potentials were recorded by means of 
glass capillary microelectrodes filled with 3mol/L KCI. 
The resistances of the microelectrodes were 10 to 40 
megohms, and were coupled by an Ag-AgCl junction and 
an intracellular probe system to an amplifier with a 
high-input impedance and input capacity neutralization 
(Mentor N-950). An electronic differentiating circuit 
(time constant = 20 microseconds) was used to determine 
the maximum rate of rise of phase 0 of the action potential 
(Vinsx)- The system was calibrated by means of a 10 mV 
internal square-wave signal. The action potential and Vaa 
were displayed on a storage oscilloscope (Tektronix R 
564-B) and photographed with polaroid film. Between 5 
and 10 recordings were made per preparation for each set 
of experimental conditions studied. 

Sinus node action potentials were recorded during 
spontaneous rhythm. Multiple cells within the region of 
the atrial sinus node were impaled until a cell with 
dominant packmaker characteristics was identified. These 
cells were recognized from the characteristics of their 
action potentials, namely, early activation, relatively small 
amplitude, steep slope of phase 4 diastolic depolarization, 
slow rate of rise of phase 0 (less than 5 V/sec), and smooth 
transition between diastolic depolarization and phase 0. 
Subsidiary pacemaker cells were recognized by the larger 
amplitude, more abrupt transition between diastolic 
depolarization and phase 0, and greater phase 0 upstroke 
velocity (generally between 10 and 30 V/sec). 

Atrial action potentials were recorded from the crista 
terminalis, while the adjacent myocardium was being 
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Table |. Electrophysiologic effects of chronic administration of amiodarone and desethylamiodarone in rabbit 


sinoatrial node 








APA ; MDP SCL Slope of phase 4 APD 199 

Condition (mV) (mV) (msec) (mV/sec) (msec) 
Control (n = 14) 62+5 6l +4 420 + 72 68 + 17 194 + 39 
AM 1 wk (n = 5) 57+ 5 56+ 4 422 + 51 66 + 24 195 + 26 
AM 3 wk (n = 5) 60 +2 638 +3 485 + 25 59 +9 191 + 14 
AM 6 wk (n = 8) 6547 6124 537 + 65 32 + iL 245 + 49 
(p < 0.01) (p < 0.05) (p < 0.05) 

DAM 1 wk (n = 6) 67 +8 6843 437 + 54 70 ż 14 191 + 42 
DAM 3 wk n = 5) Sl +6 61+6 536 + 88 49+ 12 223 + 46 
(p < 0.05) (p < 0.05) (p < 0.05) 














n = Number of animals from which data were acquired; AM = amiodarone; APA = action potential amplitude; APD = action potential duration at 90% 
repolarization time; DAM = desethylamiodarone; MDP = maximum diastolic potential; SCL = sinus cycle length. 


p Values shown reflect statistical differences from contro] subjects. 


Numbers of animals for which data are presented are those from which complete data could be obtained. 


a 


Table Il. Electrophysiologic effects of chronic treatment with amiodarone and desethylamiodarone in isolated rabbit 








atria 
APA RMP Vez APD, APD yo ERP 

Conditions (mV) (mV) (V/sec) (msec) (msec) (msec) 
Control (n = 15) 100 + 4 80+ 3 219 + 23 40 +7 7+ 7 75+ 7 
AM 1 wk (n = 5) 100 +9 796 221 4 4 38 +3 76 + 11 81+ 11 
AM 3 wk (n= 7) 102 + 5 8124 197 + 28 47 +6 88+ 5 80+ 6 
(p < 0.01) (p < 0.05) 

AM 6 wk (n = 6) 99 +3 81+ 5 213 +19 60 + 6 98+ 6 118 + 12 
(p < 0.01) (p < 0.01) (p < 0.01) 

DAM 1 wk (n = 6) 102 + 3 8044 216 + 23 3947 81+ 8 Wx+ 4 
DAM 3 wk (n = 5) 99+ 4 7945 217 + 25 4448 85 + 10 88 + 12 





RMP = Resting membrane potential; ERP = effective refractory period; n = number of animals from which complete data could be obtained; other 


abbreviations as in Table I. 
p Values shown reflect statistical differences from control subjects. 


stimulated at 2.5 Hz. Ventricular muscle preparations 
were stimulated continuously at 1.0 Hz. Action potentials 
were obtained from a site near the stimulating electrode. 
ERPs were determined by introducing, after every 8 to 10 
basic driven beats, extra stimuli with progressively shorter 
coupling intervals. The ERP was defined as the shortest 
premature interval producing a response that depolarized 
to values more positive than 0 mV. 

Parameters measured. In the sinus node the following 
parameters were measured: sinuc cycle length, maximum 
diastolic potential (measured from the 0 potential to the 
point of maximum electronegativity), action potential 
amplitude (measured from maximum diastolic potential 
to the peak of the overshoot), and threshold potential 
(taken arbitrarily as the intersection and therefore an 
estimate rather than a precise measurement of the steep- 
est segment of phase 0 with the slope of diastolic depolar- 
ization). APD at 100% repolarization and Va were also 
determined. From atrial and ventricular fibers action 
potential amplitude, action potential duration at 50% 
(APD) and 90% (APD, ) repolarization times, and ERP 
were measured. 


Determination of serum and myocardial levels of 
amiodarone and desethylamiodarone. The methods 
used were those described by Flanagan et al.” and Storey 
et al., they were adapted and validated in our laborato- 
ry." The limit of sensitivity for amiodarone and its 
metabolite was 0.025 ug/ml of serum. The limit of sensi- 
tivity for amiodarone and desethylamiodarone was 0.1 
mg/kg wet weight with the use of a 25 mg tissue sample. 

Measurement of serum levels of triidothyronine, thy- 
roxine, and reverse triiodothyronine. Serum thyroid hor- 
mones were measured by means of commercially available 
radioimmunoassay kits. The kits from Corning (Corning 
Medical, Corning Glass Works, Medfield, Mass.) were used 
for measurements of T, and t,. The radioimmunoassay kit 
obtained from Serono (Serono Diagnostics Inc., Randolph, 
Mass.) was used to measure the levels of reverse triiodo- 
thyronine in the serum. Quality control was performed by 
generating a standard curve from data points obtained 
from known concentrations of T;, T,, and rT, in charcoal- 
stripped (thyroid hormone—depleted) rabbit serum. 

Data and statistical analysis. All group data are shown 
as means + standard deviations. One-way analysis of 
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AM (20mg/kg, p.o. 1wk) DAM (20mg/kg,p.0. 1wk) 










CN 
’ AM (20mg/kg, p.o. 3wk) DAM (20mg/kg, p.o. 3wk) 


an 


_ teec : 


Fig. 1. Effects of dhronic treatment with amiodarone 


and desethylamiodarone on characteristics of action ` 


potentials recorded from sinus node in rabbit atria. In this 
and all subsequent intracellular recordings, lower tracing 
in each panel shows upstroke velocity of phase.O (Vma) 
Note spontaneous diastolic depolarization characteristic 
of pacemaker cells. Voltage and time calibrations are the. 
same in each panel (see text for further details). ear: 


t 


variance with an F test for effects of interaction was 
applied to evaluate the effects of chronic treatment with 


amiodarone and desethylamiodarone compared to control . 
subjects. Two-tailed ¢ tests were used and p < 0.05 indi- - 


. ‘cated statistical significance. 
RESULTS 


Effects: of amiodarone and desethylamiodarone on 


the sinus node action potentials. The mean data are 
shown in Table I, and representative recordings of 
transmembrane potentials illustrating the effects of 


amiodarone and. desethylamiodarone compared to. 
control data are shown in Fig. 1. The uppermost. 
panel shows pacemaker action potentials recorded — 


in normal Tyrode’s solution from a control animal 


after 3 weeks of treatment with 1 ml of D.D.H,O/day.” 


given orally. The remaining records as shown were 


obtained after 20 mg/kg/day amiodarone treatment | 


for 1 week and 3 weeks, and those after treatment 
with desethylamiodarone (20 mg/kg orally) for 1 
week and 3 weeks, ‘Neither amiodarone nor desethy- 


amiodarone had significant effects on the action ` 


potential amplitude, threshold potential, maximum 


a a 
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Control 


E  - ~8Omv 
eee 


DAM(20mg/kg, p.o. 1wk) © 


AM (20m9/ke,p.0. 1wk) ` 





100v/sec 


DAM (20mg/kg, p.o. 3wk) 


AM (20mg/kg, p.o. 3wk) 





~ 100msec 


i. Fig. 2. ‘Changes i in atrial action eer shardctstiaiica 


effected by chronic treatment of rabbits with amiodarone 
and desethylamiodarone for various durations. Voltage 
and time calibrations are same in each panel. Note that 
neither compound has an effect on V max at standard 
stimulus frequency (1 Hz), but both increase APD in 


- comparison to control Fecondines. 


diastolic potential, or Viz... However, as shown in 


Table I, ‘there was a 15.5% (NS) and 27.9% - 
(p < 0.05) prolongation of sinus cycle length after — 
3-week treatments with amiodarone and desethyl- 
amiodarone, respectively, but no effect was evident 
after 1 week of treatment with either compound. 


_ -The 6-week treatment with ‘amiodarone (n= 6) 
. resulted in a 27.9% increase.in sinus cycle length. 
- There was a 27.9% (p < 0.05) decrease in the slope 4. 


depolarization after 3 weeks of treatment with des- 


. ethylamiodarone. . Although the 3-week treatment 
‘with amiodarone.did not induce significant changes 


in the slope of phase 4, the 6-week treatment with. 


amiodarone resulted in a 52.9% decrease (p < 0.05). 
- The increases.in the APD were only significant after 
the 6-week treatment with amiodarone (14.9% 


p < 0.05) and the 3-week treatment with the metab- 


-, olite (26.3%; p < 0.05). 


-Effects of amiodarone and desethviamisaaiene on 


` atrial action potentials.. The mean data are shown in 


Table II. Neither compound exerted a significant . 
effect on the action potential amplitude, resting ~ 
membrane potential, or Vma. There were no signifi- 
cant changes in the various electrophysiologic 
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Table Ill. Electrophysiologic changes in rabbit ventricular muscle induced by chronic (6 weeks) administration of 
amiodarone and desthylamiodarone 




















APA RMP V max APD s APD ERP 
Condition (mV) (mV) (V/sec) (msec) (msec) (msec) 
Control (n = 12) 110 + 6 83 + 19 212 + 31 81 + 10 120 + 16.0 121 + 12.4 
AM (n = 7) 6 wk 118 +4 82+ 4 236 + 38 138 + 30 190 + 33 197 + 40 
(p < 0.01) (p < 0.01) (p < 0.05) 
DAM (n = 8) 6 wk 111+5 824 2 230 + 28 124 + 29 170 + 20 178 + 28 
(p < 0.05) (p < 0.01) (p < 0.01) | 
Abbreviations as in Tables I and II; p values refiect statistical differences from control subjects. 
Table IV. Serum and myocardial concentrations of amiodarone and desthylamiodarone 
Myocardium/ 
serum drug ra- 
Serum Myocardium tio 
Group AM (ug/ml) DAM (ug/ml) AM (ug/ml) DAM (ug/ml) AM DAM 
AM 1 wk (n = 5) 0.27 + 0.18 0.22 + 0.13 8.77 + 5.8 —_ 32.5 m 
AM 3 wk (n = 4) 0.16 + 0.02 0.15 + 0.18 1.87 + 1.02 1.51 + 0.35 11.7 10.1 
AM 6 wk (n = 6) 1.22 + 1.10 0.43 + 0.48 6.90 + 2.45 3.36 + 0.98 5.7 7.8 
DAM 1 wk (n = 6) — 0.83 + 0.62 1.89 + 1.47 — 2.3 
DAM 3 wk (n = 6) 1.14 + 0.61 5.17 + 2.59 — 4.5 





Data shown are means + standard deviations; note wide scatter in values for amiodarone (AM) and desethylamiodarone (DAM) in serum for different drug 


treatment groups. 


Table V. Effects of chronic administrations of amiodarone and desethylamiodarone on serum thyroid hormone levels 








T; (ug/dl) 
Baseline On drug 
Control (n = 8) 407.7 + 57.5 473.5 + 45.5 
AM 3 wk (n = 4) 424.8 + 45.0 412.6 + 39.1 
AM 6 wk (m = 8) 428.0 + 53.6 345.3 + 63.27 
DAM 1 wk (n = 6) 382.9 + 24.4 380.8 + 41.0 
DAM 3 wk (n = 6) 426.5 + 40.3 336.7 + 70.6 





AM = Amiodarone; DAM = desethylamiodarone. 











T; (ng/dl) RT; (pg/ml) 
Baseline On drug Baseline On drug 
4.0 + 1.3 4.0 + 15 69.2 + 32.0 52.2 + 19.4 
3.3 + 1.8 3.9 + 1.0 60.2 + 7.9 114.6 + 35.1* 
3.9 + 1.0 41413 79.3 + 24.8 145.3 + 54.2+ 
4.3 + 1.4 4.4 + 2.0 70.2 + 24.4 94.1 + 44.4* 
4.4 + 1.4 4.7 + 2.1 77.2 + 27.6 126.2 + 42.47 





*p < 0.05; tp < 0.02 vs. baseline values; values are mean + standard deviations. 


parameters after 1 week of treatment with amioda- 
rone or desethylamiodarone. However, after 3 weeks 
of treatment with amiodarone there was a 17.5% 
(NS) increase in APD;o a 10.5% (p < 0.01) increase 
in APD, and a 6.7% (p < 0.05) increase in the ERP. 
After 3 weeks of treatment with desethylamiodarone 
there was an 8% (NS) increase in APD; a 12% 
(NS) increase in APDg, and an 18.7% (NS) increase 
in the ERP. 

Although the changes found with 3 weeks of 
desethylamiodarone administration did not reach 
statistical significance, a trend toward increases in 
the measured electrophysiologic parameters was evi- 
dent. Six weeks of treatment with amiodarone 


resulted in a 50% (p <0.01) increase in APD; a 
30.7% (p <0.01) increase in APD», and a 57.3% 
(p < 0.01) increase in the ERP. Representative 
records demonstrating the chronic effects of amio- 
darone and desethylamiodarone compared to con- 
trol recordings are shown in Fig. 2. 

Effects of amiodarone and desethylamiodarone on 
rabbit ventricular action potentials. Table III summa- 
rizes the mean data. After 6 weeks of treatment with 
amiodarone and desethylamiodarone, there were no 
significant changes in the resting membrane poten- 
tial, action potential amplitude, or upstroke velocity 
of phase 0 of the action potential. There were 
significant changes in APD; and APD.) associated 
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Control 


Desethylamiodarone 


` Amiodarone 
20mg/kg,p.0.,6wks 20mg/kg,p.0.,6wks ` 


Lad 
100msec 


Fig. 3. Effects of amiodarone and desethylamiodarone 
on rabbit ventricular action potentials. Note that both 
compounds markedly increase APD after 6 weeks of. drug 
administration (see text). 


with corresponding changes in the ERP (Fig. 3). 


Compared to control subjects, at 6 weeks amioda- 
rone increased the APD by 58.8% (p < 0.01) and 
desethylamiodarone by 42.0% (p < 0.01); the corre- 


sponding figures for the ERP were 63.4% (p < 0.02) 


and 47.4% (p<0.01), respectively.: Although the 
overall effects on repolarization and the ERP were 
somewhat smaller in the case of desethylamioda- 
rone, the differences compared to the effects of the 
parent compound did not reach statistical signifi- 
cance. Neither compound had a significant effect on 
the ERP/APD, ratio. 

Drug concentrations versus electrophysiologic 
effects. The mean data on serum and myocardial 
(atrial) concentrations of amiodarone and desethyl- 
amiodarone are shown in Table IV. There was no 


significant correlation between electrophysiologic + 


changes and serum drug concentrations. The rela- 


tionship between alterations in myocardial repolari- . 


zation or in the ERP and the tissue concentrations 
of amiodarone and desethylamiodarone were exam- 
ined by linear regression in the case of atrial tissue. 
There was no significant relationship between 


APD, and tissue concentrations of amiodarone ` 


(r = 0.195) or desethylamiodarone (r = 0.038). In the 
case of the ERP, the changes also bore no relation- 
ship to the tissue concentrations of desethylamioda- 
rone (r = 0.090), but a significant correlation, albeit 


a weak one (r = 0.400; p < 0.05), was found between 


tissue concentrations of amiodarone -and the 





-intravenous administration’? 
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changes in the ERP refractory period of the atrial 
preparations. 

Effects of amiodarone and desethylamiodarone on 
thyroid hormone indices. The mean data are shown in 
Table V. In the control series, the change was not 
statistically significant. None of the drug treatment 
schedules had an effect on serum T,, although a 
trend toward an increase was evident. After 3 weeks 
of treatment with amiodarone or 1 week with des- ` 
ethylamiodarone, there were no changes in serum ` 
T,; after 2 weeks of amiodarone treatment and 3 
weeks of desethylamiodarone, serum T, decreased 
by 19% (p < 0.02) and 21% (p < 0.02) after admin- 
istration of the drugs. Serum rT, did not change in 
the control series, but it increased in each of the 
series treated with the drugs: by 90% (p < 0.05) 
after 3 weeks of amiodarone, 83% (p < 0.02) after 6 
weeks of amiodarone, 34% (p < 0.05) after 1 week of 
desethylamiodarone, and 63% (p < 0.02) after 3 
weeks of desethylamiodarone. The changes in the 
hormone indices induced by amiodarone and its 
metabolite were unrelated to those in serum and 
tissue levels of these compounds. 


DISCUSSION 


Comparative actions of amiodarone and desethylam- 
iodarone. The data in this study have clearly estab- 
lished that desethylamiodarone is at least as effec- 
tive as the parent compound in its ability to alter the 
electrophysiologic properties of cardiac muscle. As 
was the case with amiodarone, desethylamiodarone 
significantly increased the APD with a correspond- 


‘ing increase in the ERP, which was especially strik- 


ing in the ventricular muscle after 6 weeks of drug 

administration, there being no significant effect on 

the ratio of the ERP/APD,. The compound also _ 
increased the spontaneous cycle length in the sino- 

atrial node by depressing the slope of phase 4 

depolarization. Frequency-dependent effects. on 

Vma Were not determined in these studies. The 

chronic effects of the drugs, which were significantly © 
more than those found previously after acute super- 
fusion,“ could not be accounted for by the differ- 
ences in drug concentrations in the myocardium. 
Indeed, such levels in the case of those in the serum 
and myocardium were extremely low after chronic 
drug administration in comparison to those after 
after which the 
ECG"™*6.27 and electrophysiologic™” effects were 
significantly less. A significant effect on serum 
thyroid hormone indices resulting in a decrease in 
triiodothyronine, elevated reverse triiodothyronine, 
and no change in thyroxine was also demonstrated. 
These newer findings suggest a number of conclu- 
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sions of theoretical and practical importance. First, 
they indicate that the metabolite is pharmacologi- 
cally active. Thus, during chronic administration of 
amiodarone, the metabolite formed in significant 
concentrations, as reported previously in humans” 
and also found in our study in rabbits, may be an 
important contribution to the electrophysiologic 
effects that occur as a result of long-term amioda- 
rone therapy. Second, the time for the electrophysi- 
ologic effects to become evident in the case of the 
metabolite is similar to that of the parent com- 
pound. This was especially striking in the case of 
thyroid hormone changes and electrophysiologic 
changes in the atria; they indicated that the delay in 
the onset of amiodarone action is not due solely to 
the action of the metabolite, which must neverthe- 
less contribute significantly to the net pharmacolog- 
ic effects during chronic drug administration. It was 
of interest that in ventricular muscle the effects of 
the parent compound appeared to be greater than 
those of the metabolite. Although the difference did 
not reach statistical significance, it is consistent with 
the possibility that during chronic administration of 
amiodarone, the observed electrophysiologic effects 
represent the combined actions of amiodarone and 
desethylamiodarone. 

Time dependence of desethylamiodarone action. 
The elimination half-life of amiodarone has been 
determined to be 25 to 110 days and that of the 
metabolite somewhat longer. Thus, the contribu- 
tion of the metabolite to the overall action of 
amiodarone during chronic drug administration is 
also likely to reach steady state as a function of time. 
Our data on chronically treated rabbits have indi- 
cated that the overall effects of the metabolite, as is 
the case with the parent compound, develop in a 
stepwise fashion as a function of time. For example, 
after 1 week of desethylamiodarone treatment the 
sinus cycle length increased 4% (NS), but there was 
a 27.9% increase (p < 0.05 after 3 weeks. However, 
such a trend did not reach statistical significance in 
the case of the electrophysiologic parameters in the 
atria and was not determined in the case of the 
ventricular myocardium. Here, the effects of deseth- 
ylamiodarone on the APD, and ERP were highly 
significant (p < 0.01) after 6 weeks of drug adminis- 
tration. These chronic effects of desethylamioda- 
rone showing a more striking change in the ventric- 
ular myocardium than in atrial tissue are in line with 
our previously reported acute superfusion studies," 
which showed a similar differential tissue sensitivity 
to the drug. 

Chronic versus acute effects of amiodarone and 
desethylamiodarone. Our data are consistent with 
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previous experimental and clinical electrophysiolog- 
ic observations that have shown significant differ- 
ences between the effects of acute and chronic 
administration of amiodarone. For example, in iso- 
lated superfused cardiac tissues, Mason et al.”®*° 
reported that only with extremely high concentra- 
tions (80 to 60 ug/ml) was cardiac repolarization 
lengthened (22%), but the overall change was small 
when compared to that (48%) found after chronic 
administration of the drug. Yabek et al. found that 
during acute superfusion studies with rabbit myo- 
cardium, APD» was lengthened 7.3% (p < 0.01) by 
desethylamiodarone (34 ug/ml). In our current 
studies with chronic administration of the drug, the 
electrophysiologic effects in all tissues studied were 
considerably greater with low serum and tissue 
levels of the compound. Thus, these data indicate 
that the acute and chronic effects of desethylamio- 
darone, as in the case of the parent compound, differ 
significantly. Such a difference does not appear to 
be accountable in terms of serum and tissue drug 
concentrations and in the case of amiodarone are 
consistent with the study of Patterson et al.” which 
showed significant differences in the antiarrhythmic 
effects of acutely and chronically administered 
drugs that could not be explained by differences in 
tissue drug levels. In the case of amiodarone, the 
findings are consistent with the reported differences 
between the effects of acute intravenous versus 
chronic oral drug administration. For example, 
in sharp contrast to the effects of chronically admin- 
istered amiodarone, there is little or no change in the 
ERP of the atria, ventricles, or bypass tracts or in 
cardiac repolarization” when the drug is given 
intravenously at a dose of 5 mg/kg. For example, in 
one study” this dose of amiodarone prevented 
induction of bundle branch reentry in only 2 of 11 
patients (18.2%) and did not change His-Purkinje 
conduction and refractoriness in the remaining 9 of 
11 (81.8%) patients. The major acute electrophysio- 
logic effect is the significant lengthening of intra- 
nodal conduction and of the ERP of the atrioven- 
tricular node. The work of Gloor et al., in vivo, and 
that of Goupil and Lenfant,” in vitro, suggest that 
this may, be due in part, to the calcium slow-channel 
blocking effects of amiodarone. However, Ikeda et 
al.” and Wellens et al. have shown that the effects 
of chronically administered amiodarone on the 
atrioventricular node are significantly greater. The 
results of the recent studies of Morady et al., who 
compared the effects of 10 mg/kg intravenously with 
those of chronically administered amiodarone, are 
consistent with respect to changes in the ERP in the 
ventricle. For example, after acute drug injection, 


358 Kato et al. 


the ERP increased by 10 to 30 msec, whereas after 
chronic drug therapy the change was 40 to 90 msec. 
The serum drug level was always higher after acute 
than after chronic amiodarone administration as has 
been noted by us previously.’ 3 

Potential mechanisms for the greater effect during 
chronic drug administration. It is possible that at least 
part of the greater effect evident during chronic 
drug administration may be the result of a progres- 
sive decrease in myocardial beta-adrenergic recep- 
tors”? *63? consistent with the well-known stepwise 
development of bradycardia in experimental ani- 
mals*° and humans* on a constant daily dose of 
amiodarone. The antiadrenergic effect may repre- 


sent an intrinsic effect of amiodarone and desethyl- 


amiodarone that has been demonstrated acutely in 
vitro.” The fact that it is accentuated during 
chronic drug administration without a significant 
relationship to serum or tissue levels of the com- 
pounds,” however, suggests the possibility of meta- 
bolic alterations in the myocardial membrane 
requiring a finite period of time for the steady-state 
chronic effects to become evident. Although not 
experimentally verified, this is tenable with the 
hypothesis® *) * © that a major component of the net 
electrophysiologic effects of amiodarone on cardiac 
muscle may be mediated by a selective interference 
_ with the myocardial action of thyroid hormones in 
the heart. Such a possibility is consistent with the 
fact that the electrophysiologic effects of amioda- 
rone and desethylamiodarone (both iodinated com- 
pounds) closely resemble those of hypothyroidism in 
experimental animals“ and humans” and fail to 
develop when amiodarone and thyroid hormone are 
given concomitantly.” Desethylamiodarone in our 
current studies also produced a pattern of changes 
in thyroid hormone indices similar to that after 
amiodarone following chronic drug administration. 
This emphasizes the fundamental similarities in the 
overall action of the parent compound and of the 
metabolite. 

Limitations of the study. There are a number of 
shortcomings in our study that should be empha- 
sized. The acute and chronic effects of amiodarone 
and its metabolite differed, and each animal could 
not serve as its own control subject. Separate 
batches of animals were therefore used to determine 
the electrophysiologic actions of these compounds. 


The values for the electrophysiologic parameters of- 


transmembrane action potentials from different ani- 
mals vary considerably, and this may have 
accounted for the wide scatter of data in various 
treatment groups. This was particularly evident in 
animals in which the APD», although significantly 
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longer than that in control subjects, was shorter 
than those after 1 week of drug treatment. However, 
such a “decline” in effect was apparent rather than 
real, inasmuch as the mean values for APD, after 1 
week and after 3 weeks of treatment did not differ 
significantly. It should also be indicated that the 
studies reported here were performed in healthy 
tissues. It is known that amiodarone has a greater 
affinity for unactivated sodium channels,” and it 
would be more clinically relevant to examine the 
effects of the drug and its metabolite in depolarized 
fibers. This may be particularly pertinent in rate- 
dependent block of Vma which was not evaluated in 
this study but was studied in the course of previous 
acute experiments in our laboratory." 

Clinical implications. Our data in this study have 
clearly established that desethylamiodarone, the 
major metabolite of amiodarone, exerts significant 
electrophysiologic effects in the rabbit myocardium 
during chronic drug administration. It must account 
for a significant component of the antiarrhythmic 
actions of amiodarone during chronic drug adminis- 
tration. The data have shown that the chronic 
effects of amiodarone or desethylamiodarone had no 
systematic relationship to serum or tissue concen- 
trations of these compounds. The essential similari- 
ties in the actions of amiodarone and its metabolite 
and in the time course of the development of such 
effects suggest that the known latency of the clinical 
onset of action of the parent compound cannot 
reasonably be attributed to the activity of desethy- 
lamiodarone. However, the data indicate that during 
the protracted administration of amiodarone, the 
formation of significant levels of desethylamioda- 
rone may be an important contribution to the 
overall electropharmacologic effects of the parent 
compound. 
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Long-term efficacy of mexiletine alone and in 
combination with class la antiarrhythmic drugs 
for refractory ventricular arrhythmias 


The efficacy of mexiletine used alone, and in combination with a class la antiarrhythmic drug, 
was assessed in 159 previously drug-refractory patients with ventricular tachycardia (VT) during 
serial electrophysiologic studies and during long-term (5-year) clinical follow-up. 
Electrically-inducible ventricular tachycardia was suppressed by mexiletine alone in 23% of 
patients tested, and a combined antiarrhythmic drug regimen was effective in 29% of the trials 
performed. Mexiletine was much more likely to be effective in patients presenting with 
nonsustained VT or ventricular fibrillation than in patients with sustained VT (p < 0.005). After 1 
and 4 years of treatment, 18% and 42% of the patients treated with mexiletine alone had died 
suddenly or suffered recurrent symptomatic VT, compared to 11% and 25% of patients treated 
with the combined antiarrhythmic drug regimens (p = NS). Mexiletine therapy was associated with 
frequent, though readily reversible, adverse reactions. However, mexiletine treatment had to be 
discontinued permanently in 8 of 92 patients (9%) because of intolerable side effects. We 
conclude that the added efficacy and possible improved arrhythmia-free survival associated with 
combining mexiletine with a class la agent should be further investigated. (Am Heart J 


1988; 115:360.) 


Eric G. Whitford, M.B., F.R.A.C.P., Brian McGovern, M.D., 
Mark H. Schoenfeld, M.D., Hasan Garan, M.D., John B. Newell, B.A., 
Mary McElroy, and Jeremy N. Ruskin, M.D. Boston, Mass. 


Mexiletine is a local anesthetic, antiarrhythmic drug 
that is structurally similar to both lidocaine and 
tocainide. It has high oral bioavailability.! Initially 
developed as an anorectic agent, it was subsequently 
investigated for its anticonvulsant properties before 


its potential utility as an antiarrhythmic drug was - 
recognized.” It has been available for clinical use in’ 


some countries since 1971 and has recently been 
approved for treating ventricular arrhythmias in the 
United States. 


The reported efficacy of mexiletine in controlling i 
ventricular arrhythmias that have not been satisfac- .- 


torily controlled by conventional class Ia antiar- 


rhythmic drugs has been variable, regardless of- 


whether therapy was guided by noninvasive or inva- 
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sive means.” We have previously reported™ the 
efficacy of mexiletine in suppressing ventricular 


`- tachycardia provoked by programmed cardiac stim- 


ulation. In addition, our group and others!” have 
observed. that combining mexiletine with a class Ia 
antiarrhythmic drug may suppress ventricular’ 
tachycardia when mexiletine alone is ineffective. In 
this study, we examine the efficacy of oral mexile- 
tine used alone or in combination with class Ia 
antiarrhythmic drugs in suppressing ventricular: 
tachycardia induced at electrophysiology study in 
159 patients with drug-refractory ventricular 
arrhythmias. In addition, the clinical efficacy of 
mexiletine in preventing recurrent arrhythmia and 


- sudden death is analyzed over 6 years of follow-up 


surveillance. 


METHODS 


Between 1978 and December, 1984, 159 patients 
referred to the cardiac arrhythmia service of the Massa- 
chusetts General Hospital for evaluation of ventricular 
arrhythmias were included in this study. To be eligible for 
inclusion, all patients had ventricular tachycardia induced 
by programmed cardiac stimulation while off all antiar- 
rhythmic drugs and had a subsequent electrophysiologic 
study performed after at least 48 hours of loading with 
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CONTROL ELECTROPHYSIOLOGIC STUDY (EPS) 
(n=159) 


EPS ON MEXILETINE ALONE 
(n=128) 


DISCHARGED ON 
MEXILETINE ALONE 
{(n=28) 





EPS ON MEXILETINE + 
CLASS IA DRUG 
(n=111) 


DISCHARGED ON 

MEXILETINE + 

CLASS IA DRUG 
(n=64) 


Fig. 1. Electrophysiologic studies in 159 patients. 


either oral mexiletine alone or oral mexiletine in combina- 
tion with other antiarrhythmic therapy. To be considered 
for treatment with mexiletine, all patients had either 
electrically inducible or spontaneous symptomatic ven- 
tricular tachycardia while on therapy with conventional 
antiarrhythmic drugs, or had been unable to tolerate these 
drugs. If a patient was taking digoxin or beta blockers and 
it was felt these should not be stopped, they were contin- 
ued throughout the period of electrophysiologic assess- 
ment. If mexiletine alone was ineffective, a class Ia 
antiarrhythmic drug was then added to mexiletine. The 
specific class Ia antiarrhythmic agent chosen was deter- 
mined by previous tolerance or by physician preference. 
The study protocol was prospectively designed. All 
patients evaluated with this protocol are presented in this 
study. Other patients presenting with ventricular tachy- 
cardia or fibrillation were managed by nonpharmacologic 
modalities if this was considered preferable by their 
physicians. Similarly, the decision to discharge a patient 
on mexiletine alone or in combination with a class Ia drug 
was made by the responsible clinician, based on the results 
of the electrophysiologic studies, on the availability of 
alternate therapies, and on patient preference. 

Patient population. In the population studied, there 
were 131 men and 28 women. The mean age was 58 + 11 
years and the mean resting left ventricular ejection frac- 
tion was 32 + 15%. The cardiac diagnosis was coronary 
artery disease in 137 patients (86%). Thirteen patients 
had dilated cardiomyopathy, four had mitral valve pro- 
lapse, three had other valvular heart disease, and one 
patient had hypertensive heart disease. In one patient 
there was no evidence of structural heart disease. Sixty- 
eight patients had documented sustained ventricular 
tachycardia (VT), 42 patients had been resuscitated from 


cardiac arrest, 25 patients had documented nonsustained 
VT, 24 patients had syncope or near-syncope and docu- 
mented high-grade ventricular ectopy. 

Following a control electrophysiologic study (EPS) on 
no antiarrhythmic drugs, 128 of the 159 patients (80%) 
were studied after oral loading with mexiletine alone. The 
remaining 31 patients were not tested on mexiletine alone 
but were tested on mexiletine in combination with a class 
Ia antiarrhythmic drug. Seventy-four of the 128 patients 
initially tested on mexiletine alone were subsequently 
tested on mexiletine in combination with a class Ia 
antiarrhythmic drug. These subgroups are outlined in Fig. 
1. All patients who were discharged on mexiletine were 
reviewed on an outpatient basis 3 months after discharge, 
and subsequently every 6 months. At each outpatient 
visit, the patient was asked about symptoms, had a 
physical examination, a 12-lead ECG, and underwent 
routine biochemical and hematologic screening. 

Electrophysiologic studies. The catheterization proce- 
dure and cardiac stimulation protocol have been described 
in detail elsewhere.® Ventricular pacing was performed at 
the right ventricular apex with the use of a rectangular 
pulse of 2 msec duration applied at 2 to 5 times diastolic 
threshold. The ventricular stimulation protocol included: 
(1) Premature ventricular stimulation was performed with 
single and double extrastimuli during sinus rhythm and 
subsequently during fixed rate ventricular pacing at three 
basic drive cycle lengths (600, 500, and 400 msec). (2) If 
sustained ventricular tachycardia was not induced by the 
programmed electrical stimulation outlined above, then 
three- to five-beat bursts of rapid ventricular pacing were 
delivered asynchronously to the right ventricular apex at 
progressively shorter cycle lengths until 1:1 capture could 
no longer be achieved, VT was induced, or a paced rate of 
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300 bpm was reached. From 1982 on, three synchronized 
premature ventricular depolarizations during sinus 
rhythm were used instead of rapid ventricular pacing. 
Seventy of the 159 patients (44%) were studied after 1982. 
(3) Programmed premature ventricular stimulation with 
triple extrastimuli during fixed-rate pacing was only used 
when steps 1 and 2 above failed to induce VT in patients 
with documented sustained VT. or with prior cardiac 
arrest. The ventricular stimulation protocol used during 
serial drug testing was identical to that used in the control 
study in each patient. The results in patients treated 
before and after the 1982 protocol change were similar. 

Definitions. VT was considered nonsustained if 5 or 
more but fewer than 100 beats were reproducibly induced 
by programmed electrical stimulation. The mean cycle 
length of the tachycardia was calculated over three con- 
secutive beats at least three beats after the onset of the 
tachycardia. Sustained VT was defined as tachycardia 
that lasted at least 100 beats or that was associated with 
hemodynamic collapse and required pacing or cardiover- 
sion for termination. VT was considered suppressed dur- 
ing antiarrhythmic drug testing if the stimulation protocol 
was completed without the initiation of five or more 
nonstimulated ventricular responses. 

Ejection fraction was determined either from right 
anterior oblique left ventricular angiograms or from gated 
nuclear cardiac blood pool scans. Sudden death was 
defined as witnessed death occurring unexpectedly in the 
presence or absence of acute symptoms of less than 6 
hours’ duration, or any unwitnessed unexpected death 
where no noncardiac cause of death was identified. The 
time of follow-up was measured to either the time of the 
most recent outpatient visit, to the date of stopping of the 
drug, to recurrence of symptomatic VT, or to death. 

Statistical analysis. Values are expressed as mean + 
standard deviation. Clinical, hemodynamic, and electro- 
physiologic variables were examined by stepwise logistic 
regression analysis, with the BMDP statistical software 
package (University of California, Los Angeles, Calif.).” 
Life-table analysis was performed by means of the gener- 
alized Wilcoxon (Mantel-Cox) statistic to test the equality 
of the survival curves. The Cox proportional hazards 
model was used to define the relationship of prognostic 
factors.“ One-way and two-way analysis of variance, as 
appropriate, were used to compare groups for demograph- 
ic differences. 


RESULTS 


Therapy with mexiletine alone or mexiletine in 
combination’ with other antiarrhythmic therapy 
resulted in complete suppression of EPS-inducible 
VT in 62 of 159 (89%) patients. The presenting 
clinical arrhythmia was a potent predictor of sup- 
pression of electrically-induced VT. Patients with 
nonsustained VT or ventricular fibrillation as the 
presenting arrhythmia were more likely to have 
suppression of VT by mexiletine. Electrically induc- 
ible VT was suppressed in 23 of 42 patients (55%) 
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who presented in ventricular fibrillation, and in 22 
of 49 patients (45%) who presented with nonsus- 
tained VT or high-grade ventricular ectopic activity. 


_In contrast, VT was suppressed in only 17 of 68 


patients (25%) whose clinical arrhythmia was sus- 
tained VT (p < 0.008). 

Similarly, the nature of the provoked ventricular 
arrhythmia during control electrophysiologic study 
was predictive of the suppression of ventricular 
arrhythmias by mexiletine, as assessed by repeat 
electrophysiologic testing. When sustained VT was 
induced at the control electrophysiologic study, the 
efficacy of mexiletine, alone or in combination with 
other antiarrhythmic drugs, in suppressing sus- 
tained VT was 34% (35 of 104), while the efficacy in 
suppressing nonsustained VT was 43% (20 of 46), 
and in suppressing ventricular fibrillation it was 
56% (five of nine) (p < 0.05). 

Clinical and electrophysiologic observations in 
patients tested on mexiletine alone. One hundred — 
twenty-eight patients previously unresponsive to or 
intolerant of conventional antiarrhythmic drugs 
underwent electrophysiologic study on mexiletine 
alone (Fig. 1). At the control study (on no antiar- 
rhythmic drugs), 75 of 128 patients (59%) developed 
sustained VT, 46 of 128 (86%) developed nonsus- 
tained VT, and 7 of 128 (6%) developed ventricular 
fibrillation. When these 128 patients were subse- 
quently studied after at least 48 hours of oral 
loading with mexiletine at a mean dose of 871 + 221 
mg/day, sustained VT could still be induced in 62 of 
128 (48%) and nonsustained VT could be induced in 
36 of 128 (28%). Complete suppression of EPS- 
induced VT was observed in 29 of 128 (23%). 
Programmed electrical stimulation did not induce 
ventricular fibrillation in any of the patients. 

The effect of mexiletine alone on the arrhythmias 
induced at the control electrophysiologic study was 
variable. Of the 75 patients with sustained VT 
induced at the control study, 50 of 75 (67%) had 
persistent sustained VT on mexiletine, 11 of 75 
(15%) developed nonsustained VT, and 14 of 75 
(19%) had no inducible arrhythmias. Of the 46 
patients with nonsustained VT, VT was no longer 
inducible on mexiletine alone in 14 (81%), nonsus- 
tained VT was inducible in 22 (49%), while sus- 
tained VT was provoked in nine patients (20%). Of 
the seven patients with ventricular fibrillation, non- 
sustained VT was induced in three on therapy with 
mexiletine and sustained VT was induced in a 
further three patients. VT was not inducible on 
mexiletine in one patient. 

The mean cycle length of the VT induced at 
control study in the patients suppressed on mexile- 
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Fig. 2. Sudden death in patients treated with mexiletine alone and in combination with a class Ia 


antiarrhythmic drug. 


tine alone was 261 + 66 mssec. In the patients who 
had VT induced on mexiletine, the mean VT cycle 
length overall increased to 301 + 76 msec compared 
with 267 + 64 at control (p < 0.01), but the effect of 
mexiletine on the cycle length of the tachycardia 
during EPS in individual cases was variable. The 
tachycardia cycle length on mexiletine was at least 
50 msec longer in 28% of the patients, at least 50 
msec shorter in 9% of the patients, and no more 
than 50 msec different in 38% of the patients. 

The mean ejection fraction of the patients in 
whom VT was suppressed on mexiletine alone was 
30 + 12%. This was not significantly different from 
the mean ejection fraction of those not suppressed 
on mexiletine alone, 33 + 15%. 

Clinical and electrophysiclogic observations in 
patients tested on mexiletine In combination with class 
la antiarrhythmic drugs. Of the patients who had EPS 
on mexiletine alone and who still had VT induced, 
there were 80 patients who had a subsequent EPS 
on mexiletine in combination with a class Ia antiar- 
rhythmic drug. The mean dose of mexiletine was 
876 + 217 mg/day. The class Ia drug used was 
quinidine in 58 patients, procainamide in 46, and 
disopyramide in seven patients. VT could not be 
provoked in 24 of these 80 patients (30%) while they 
were taking mexiletine combined with a class Ia 
antiarrhythmic drug. Nonsustained VT was induced 
in a further 15 of 80 (19%) of patients. Sustained 
VT remained inducible in 41 of 80 (51%) patients. A 
further 31 patients were not tested on mexiletine 
alone but did have a control EPS on no antiarrhyth- 
mic drugs and a follow-up EPS on mexiletine in 


combination with a class Ja antiarrhythmic drug. On 
this combination antiarrhythmic therapy, VT was 
suppressed in 24 patients (30%). Sustained VT was 
induced in 18 of 31 (58%) patients, while nonsus- 
tained VT was provoked in a further 5 of 31 (16%) 
of these patients. There was no difference in the 
rates of suppression of VT between the different 
class Ia drugs used. 

Observations in patients discharged on mexiletine. A 
total of 92 patients were discharged on mexiletine. 
Thirty-eight of the patients were discharged on 
mexiletine alone and the other 62 were discharged 
on mexiletine in combination with a class Ja antiar- 
rhythmic drug. The patient follow-up ranged from 1 
week to 76 months, with a mean of 17 + 10 months. 


- At 12 months follow-up the cumulative percentage 


of patients who had died from all causes was 14% 
and at 4 years it was 59%. The cumulative percent- 
age of patients who had either sustained an episode 
of symptomatic recurrent VT or who had died 
suddenly was 18% at 1 year and 38% at 4 years. 
The mean dose of mexiletine in the 30 patients 
discharged on mexiletine alone was 848 + 166 mg/ 
day. Follow-up ranged from 1 week to 60 months 
(mean 12 + 9 months) in this subgroup. Six patients 
died suddenly and four patients had symptomatic 
recurrent VT (Figs. 2 and 3). In 7 of these 10 
patients, EPS on mexiletine had shown that induc- 
ible VT had been suppressed. At 12 months follow- 
up the cumulative percentage of patients who had 
died from all causes was 21% and the cumulative 
percentage of patients who had an episode of symp- 
tomatic recurrent VT or who had died suddenly was 
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Fig. 3. Sudden death and recurrent symptomatic ventricular tachycardia in patients treated with 
mexiletine alone and in combination with a class Ia antiarrhythmic drug. 


Table |. Adverse reactions in 42 of 92 patients dis- 
charged 


Nausea 13 patients 
Anorexia 11 patients 
Dizziness 10 patients 
Tremor 7 patients 
Ataxia 4 patients 
Fatigue, lethargy 3 patients 
Insomnia 3 patients 
Abdominal pain 2 patients 
Seizures 2 patients 
Anxiety 2 patients 
Impotence 1 patient 
Psychosis 1 patient 
Headaches 1 patient 


18%. At 4 years follow-up, 42% had died suddenly 
or had suffered recurrent VT. 

The mean dose of mexiletine in the 62 patients 
discharged on mexiletine in combination with a class 
Ia antiarrhythmic drug was 866 + 228 mg/day. Fol- 
low-up ranged from 1 week to 76 months. The mean 
was 19+ 11 months. Seven patients (9%) died 
suddenly and five patients (7%) had symptomatic 
recurrent VT (see Figs. 2 and 3). At 12 months the 
cumulative percentage of patients who had died 
from all causes was 10% and the cumulative per- 


centage of patients who had died suddenly or had . 


symptomatic recurrent VT was 11%. After 4 years’ 
follow-up surveillance, 25% had either died sudden- 
ly or had suffered recurrent VT. 

Side effects. Side effects thought to be related to 
mexiletine therapy occurred in 42 patients (Table I). 


In 8 (9%) of the 92 patients discharged on mexile- 
tine, the drug had to be discontinued because of 
intolerable side effects. In a further 18 patients 
(20%), the dose of mexiletine had to be reduced. 
There were three episodes of recurrent VT but no 
episodes of sudden death in the patients in whom 
the dosage of mexiletine was reduced because of 
adverse effects. The most common side effects were 
either of the neurologic or gastrointestinal systems. 
Adverse side effects were often minimized by taking 
the medication with food. Seizures occurred after 
bolus injections of lidocaine in two patients taking 
mexiletine. Possible proarrhythmic responses were 
noted in 37 patients (28%) during serial electro- 
physiologic studies, but no clinical evidence of exac- 
erbation of ventricular arrhythmias was noted: in 
these patients. Precipitation or worsening of cardiac 
failure by mexiletine was not observed. 


DISCUSSION 


The efficacy of mexiletine in suppressing prema- 
ture ventricular beats has been demonstrated.*‘ 
Mexiletine was as effective as conventional class Ia 
drugs when these agents were compared.*’ In addi- 
tion, several recent studies*" suggest that mexile- 
tine may suppress ventricular arrhythmias in some 
patients in whom conventional antiarrhythmic 
drugs have been ineffective. The number of patients 
studied has been small, however, and the results of 
at least one study are contradictory. Duff et al.” 
found that the efficacy of mexiletine was enhanced 
by combining mexiletine and quinidine in patients 
with ventricular arrhythmias not suppressed by 
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either drug alone. In addition, because lower doses 
of both drugs were used in the combined antiar- 
rhythmic drug regimen, there was a lower incidence 
of adverse reactions. 

The efficacy of mexiletine for ventricular 
tachyarrhythmias as evaluated by programmed car- 
diac stimulation is variable. Four groups have 
reported 1" *.23 suppression of induced VT by mex- 
iletine in about one third of their patients, while 
three groups reported minimal efficacy. The differ- 
ent reported effects of mexiletine may be related to 
lack of homogeneity of the patient populations 
studied, to differences in the stimulation protocols, 
or in the criteria for suppression of VT. In this 
study, VT provoked by programmed cardiac stimu- 
lation was suppressed by mexiletine as a single 
antiarrhythmic agent in 23% of patients in whom 
conventional antiarrhythmic drugs had been inef- 
fective. Suppression of the induced arrhythmia was 
more likely in patients presenting with nonsustained 
VT or with ventricular fibrillation than in patients 
presenting with sustained VT (p < 0.005). 

Long-term survival of patients with ventricular 
tachyarrhythmias treated with mexiletine has been 
reported. Stein et al. followed 107 patients dis- 
charged on treatment with mexiletine alone or in 
combination with other antiarrhythmic drugs. The 
discharge drug regimen was chosen on the basis of 
antiarrhythmic efficacy demonstrated by serial car- 
diac monitoring or by EPS. Nineteen (17.8%) of the 
107 patients died during an average follow-up period 
of 23 months. Eleven of these 19 patients died 
suddenly. The authors did not distinguish recurrent 
arrhythmia in patients treated with mexiletine as a 
sole antiarrhythmic agent from recurrent arrhyth- 
mia in patients treated with combined antiarrhyth- 
mic drug regimens. Recently, Poole et al." reported 
survival in 32 patients treated with mexiletine and 
followed over an average period of 17 months of 
outpatient treatment. Thirteen (41%) of these 
patients died during follow-up; six (19%) died sud- 
denly. There appeared to be no difference in out- 
come between patients treated with mexiletine 
alone, or with mexiletine combined with a class Ia 
antiarrhythmic drug. However, there was evidence 
of antiarrhythmic efficacy in only 14 of these 
patients during serial EPS prior to hospital dis- 
charge. Of these 14 patients, 5 had recurrent 
arrhythmia, but none died suddenly. Mexiletine had 
to be discontinued in about 25% of patients during 
the outpatient follow-up phase because of intoler- 
able side effects. In our study, the overall survival 
was 86% at 1 year and 61% at 4 years. Sudden 
deaths occurred in 13 patients, all in the first 2 years 
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after discharge. Although there was a strong trend 
toward more sudden deaths and recurrent VT in 
patients treated with mexiletine alone in compari- 
son to patients treated with mexiletine in combina- 
tion with a class Ia drug, these trends did not reach 
statistical significance at the time of this analysis 
(Fig. 2). 

Comparison of clinical, angiographic, and electro- 
physiologic variables showed no significant differ- 
ences between patients treated with mexiletine 
alone and those treated with the combined regi- 
mens. Caution in interpreting these observations is 
warranted, as the groups compared may have had 
differences in unmeasured variables that influence 
recurrent arrhythmia and sudden death. Neverthe- 
less, the possibility that mexiletine in combination 
with other antiarrhythmic drugs is more effective 
than mexiletine alone in preventing sudden death 
should be considered and further investigated. 

Adverse reactions during chronic treatment with 
mexiletine were common, and necessitated dose 
reduction in 20% of patients and drug discontinua- 
tion in 9% despite initial tolerance to mexiletine 
while in the hospital. However, although adverse 
reactions are relatively common, they are generally 
predictable and rapidly reversible. We found™™ a 
lower incidence of life-threatening side effects than 
when flecainide or amiodarone were used in similar 
populations. 

We conclude from this study that in patients with 
symptomatic ventricular arrhythmias in whom class 
Ia antiarrhythmic agents have been ineffective and 
in whom VT is inducible at EPS, mexiletine alone or 
in combination with a class Ia antiarrhythmic drug 
will suppress inducible VT in about one third of the 
patients. VT is more likely to be suppressed in 
patients who present with nonsustained VT or ven- 
tricular fibrillation. The incidence of sudden death 
and recurrent VT was higher in patients treated 
with mexiletine alone than in patients treated with 
the combined antiarrhythmic drug regimens, 
although the difference was not statistically signifi- 
cant. The use of mexiletine was limited by the 
occurrence of side effects, necessitating dose reduc- 
tion or drug withdrawal in 28% of the patients after . 
discharge from the hospital. The additive efficacy of 
combining a class Ia agent to mexiletine as well as 
the improved arrhythmia-free survival noted war- 
rant further investigation. 
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may be coming 
your way 


Cordarone® (amiodarone HCI) is 
unequalled both in antiarrhythmic 
efficacy and in its demands on ther- 
apeutic skills and expertise. 


For the typical Cordarone candidate— 
refractory to or intolerant of conven- 
tional therapy and at continuing high 
risk of sudden death—life itself can 
depend on the primary physician’s 


willingness to appreciate when it’s time 
to consider referral. 


This is the message of the ad 
you see below 


Wyeth Laboratories has initiated this 
unprecedented program to urge pri- 
mary physicians to rely on experts like 
you to initiate Cordarone therapy. 
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could owe their lives 
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They could owe their live 





A 37-year-old maintenance engineer with 

recurrent VT/VF and intolerant of and/or unrespon- 

sive to multiple conventional antiarrhythmics. 
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4 1/2-year effective control with Cordarone® 

(amiodarone HCl), despite correctable thyroid 

toxicity. Patient active and at work. 
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A 61-year-old salesman with a history of syncope 

and unresponsive to conventional antiarrhythmics. 4 
RESPONSE: 

3-year effective control despite correctable 

pulmonary toxicity. Patient active and at work. 


For the sake of survival 


No known antiarrhythmic has ever 
approached the efficacy of Cordarone 
when conventional alternatives failed. 
For patients with refractory, life- 
threatening ventricular arrhythmias, it 
often literally represents the ultimate 
survival therapy. 


A judgment worth making: 


Cordarone® therapy is difficult to initiate, 
monitor and manage. Yet, for a majority o: 
those who prescribe it, the reward isa 
living patient who probably would have 
died without Cordarone (amiodarone HCl) 
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A 66-year-old farmer/rancher with repeated A 52-year-old union executive with 
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Cordarone® (amiodarone HCI) Tablets 


Indications and Usage: Indicated only for treatment of these documented, life-threatening recurrent ventricular 
arrhythmias, when they have not responded to documented adequate doses of other antiarrhythmics or when 
alternative agents could not be tolerated recurrent ventricular fidrillation. recurrent hemodynamically 
unstable ventricular tachycardia 


Cordarone™ should be used only by physicians familiar with and with access to use of all available modalities 
for Keating recurrent life-threatening ventricular arrhythmias. and access to monitoring facilities. including 
in-hospital and ambulatory continuous electrocardiographic monitoring and electrophysiologic techniques 
Because of the life-threatening nature of arrhythmias treated, potential interactions with prior therapy. and 
potential exacerbation of arrhythmia, initiation of Cordarone therapy should be in the hospital 


Contraindications: Contraindicated in severe sinus-node dysfunction causing marked sinus bradycardia 
second- and third-degree atrioventricular block. and when episodes of bradycardia have caused syncope 
(except when used with a pacemaker) 


Warnings 


Cordarone™ is intended for use only in patients with the indicated life-threatening arrhythmias because its use is 
accompanied by substantial toxicity. 

Cordarone™ has several potentially fata! toxicities. the most important of which is pulmonary toxicity [interstitial 
pneumonitis /alveolitis} that has resulted in clinically manifest disease at rates as high as 10-15% in some series 
of patients with ventricular mpi beagle given doses around 400 mg/day. and as abnormal diffusion capacit 
without symptoms in a much higher percentage of patients. Pulmonary toxicity has been fatal about 10% of the 
time. Liver injury is common with Cordarone, but is poy mild and evidenced only by abnormal liver enzymes. 
Overt liver disease can occur. how and has been fatal in a few cases. Like other antiarrhythmics, Cordarone 


can exacerbate the arrhythmia, e.g.. by making the arrhythmia less well tolerated or more difficult to reverse. 
This has occurred in 2-5% of patients in various series, and significant heart block or sinus bradycardia has 
been seen in 2-5%. All of these events should be manageable in the proper clinical setting in most cases. Al- 
though the frequency of such proarrhythmic events does not appear greater with Cordarone than with many other 
agents used in this population, the elfects are prolonged when they occur. 

Even in patients at high risk of arrhythmic death, in whom the toxicity of Cordarone is an acceptable risk, 


Cordarone poses major management problems that could be life-threatening in a population at risk of sudden 
death, so that every effort should be made to utilize alternative agents first. 

The difficulty of using Cordarone effectively and safely itself poses a significant risk to patients. Patients with the 
indicated arrhythmias must be hospitalized while the loading dose of Cordarone is given. and a response 
generally requires at least one week, usually two or more. Because absorption and elimination are variable. 
maintenance-dose selection is difficult. and it is not unusual to require dosage decrease or discontinuation of 
treatment. In a retrospective survey of 192 patients with ventricular tachyarrhythmias, 84 required dose 
reduction and 18 required at least temporary discontinuation because of adverse effects. and several series have 
reported 15-20% overall frequencies of discontinuation due to adverse reactions. The time at which a previously 
controlled life-threatening arrhythmia will recur after discontinuation or dose adjustment is unpredictable, 
ranging from weeks to months. The patient is obviously at great risk during this time and may need prolonged 
hospitalization. Attempts to substitute other antiarrhythmic agents when Cordarone must be soppen will be made 
difficult by the gradually, but unpredictably, changing amiodarone body burden. A similar problem exists when 
Cordarone is not effective: it still poses the risk of an interaction with whatever subsequent treatment is tried 





PULMONARY TOXICITY Cordarone™ causes a syndrome of progressive dyspnea and cough with functional 
cog a pe gallium-scan, and pathological data showing a pulmonary interstitial process. sometimes called 
alveo! 

tound 11-15% in patients treated for over a year on average and there is evidence of sireasirpequenicy 
with time and/or daily or cumulative dose. Although the syndrome is usually reversible when Cordarone is 
discontinued, with or without steroid therapy, fatalities have occurred in about 10% of cases. Any new res- 
Diraratory symptom in a patient on Cordarone should suggest possibility of pulmonary toxicity and lead to 
clinical and radiographic evaluation. with gallium-scan and pulmonary-tunction evaluation if needed. Par- 
ticular care should be taken notto presume such symptoms are related to cardiac failure. Again. diffusion 
cy appears to be the pulmonary-function test most likely to show abnormality. Evidence of toxicity 
should lead, at a minimum, to dose reduction. and preferably to drug withdrawal to establish reversibility In 
some cases, rechallenge at a lower dose has not resulted in return of toxicity 

Periodic chest X-rays and clinical evaluation (every 3-6 months) are recommended and baseline pulmonary- 
function tests, including diffusion capacity, should be obtained 


WORSENED ARRHYTHMIA: Cordarone™ can cause serious exacerbation of the presenting arrhythmia. a risk 
that may be enhanced by presence of concomitant antiarrhythmics. Exacerbation has been reported in about 
2-5% in most series, and has included new ventricular fibrillation, incessant ventricular tachycardia 
increased resistance to cardioversion, and polymorphic ventricular tachycardia associated with QT pro- 
longation (Torsade de Pointes) 

In ee Cordarone has caused symptomatic bradycardia or sinus arrest with suppression of escape foci 
in 2-4% 


LIVER INJURY. Elevations of hepatic enzyme levels are frequent in patients on Cordarone and in most cases 
are asymptomatic. If increase exceeds three times normal. or doubles in a patient with elevated baseline 
consider discontinuation of Cordarone or dosage reduction. In a few cases in which biopsy was done. his- 
tology resembled that of alcoholic hepatitis or cirrhosis. Hepatic failure has been a rare cause of death in 
patients on Cordarone 


Precautions: CORNEAL MICRODEPOSITS, IMPAIRMENT OF VISION 
Corneal microdeposits appear in most adults on Cordarone. They are usually discernible only by slit-lamp 
examination, but give rise to symptoms such as visual halos or blurred vision in up to 10%. Corneal micro- 
deposits are reversible upon dose reduction or termination Asymptomatic microdeposits are not a reason to 
reduce dose or discontinue } 
PHOTOSENSITIVITY Cordarone® has induced photosensitization in about 10%, some protection may be at- 
forded by sun-barrier creams or protective clothing. On long-term treatment, blue-gray discoloration of 
exposed skin may occur. Risk may be increased in patients with fair complexion or excessive sun exposure. 
and may be related to cumulative dose and duration of therapy - g 
THYROID ABNORMALITIES: Cordarone® inhibits peripheral conversion of thyroxine (T4) to triiodothyronine 
(Ts), Lee to cause somewhat increased thyroxine levels and increased levels of inactive reverse T3. and 
somewhat decreased levels of T3. It also is a potential source of large amounts of inorganic iodine 
Cordarone® can cause hypothyroidism or hyperthyroidism. Thyroid function should be monitored at baseline 
and periodically, particularly in any patient with history of thyroid nodules, goiter or other dysfunction 
Hypothyroidism has been reported in 2-4% in most series but in 8-10% in others and is probably best identi- 
fied by a finding of elevated TSH. Careful supplementation with thyroid hormone can eliminate this 
A more difficult problem is hyperthyroidism, best identified by a serum T3 of more than 200 mg/dL. presum- 
ably resulting from an increased supply of iodine to an autonomous nodule or gland. occurring in 1-3% and 
posntialy a reason for discontinuing drug 

YPOTENSION POSTBYPASS: Rare occurrences of hypotension upon discontinuation of cardiopulmonary by- 

ass during open-heart surgery in patients on Cordarone have been reported 

ABORATORY TESTS: Elevations in liver enzymes (SGOT and SGPT) can occur. Regularly monitor liver en- 
zymes in patients on relatively high maintenance doses. With persistent significant elevations in liver 
enzymes or hepatomegaly, consider reducing maintenance dose or discontinuing 
Cordarone® alters the results of thyroid-function tests, causing increase in serum T, and serum reverse T; and 
decline in serum Ta. pespite these biochemical changes, most patients remain clinically euthyroid 
DRUG INTERACTIONS: Although only a small number of drug-drug interactions with Cordarone have been ex- 
plored formally, most of these have shown such an interaction. The potential for other interactions should be 
anticipated, particularly for drugs with potentially serious toxicity, such as other antiarrhythmics. If such 
drugs are needed, their dose should be reassessed and, where Spprornate. plasma concentration measured 
In view of amiodarone's long and variable half-life, potential for drug interactions exists not only with con- 
comitant medication but with drugs administered after discontinuing Cordarone 
Digitalis: Cordarone® in patients on digoxin regularly results in increase in serum digoxin that may reach 
toxic levels with resultant clinical toxicity. On initiation of Cordarone, need for digitalis therapy should be reviewed. 
and the dose reduced by approximately 50% or discontinued. |f digitalis is continued, serum levels should be closely 
Monitored and patients observed for clinical evidence of toxicity These precautions probably should apply to 
digitoxin administration as well 
Anticoagulants. Potentiation of warfarin-type anncoagulani response is almost araye seen in patients on 
Cordarone and can result in serious or tatal bleeding. The dose of the anticoagulant should be reduced by one-third 
to one-half, and prothrombin times should be monitored ly. 
Antiarrhythmic Agents: Quinidine, procainamide, disopyramide and phenytoin have been used concurrently 
with Cordarone. There have been reports of increased steady-state levels of quinidine, procainamide and 
phenytoin Suring concamtant therapy with Cordarone. In general, any added antiarrhythmic should be initi- 
ated at a lower than usual dose with careful monitoring. 
Combination of Cordarone with other antiarrhythmic therapy should generally be reserved for patients with 
life-threatening ventricular arrhythmias who are incompletely responsive to a single agent or incompletely 
responsive to Cordarone. During transfer to Cordarone the dose levels of previously administered agents 
should be reduced by 30-50% several days after addition of Cordarone, when arrhythmia suppression should 
be beginning. The continued need for the other antiarrhythmic agent should be reviewed after the effects of 
Cordarone have been established, and discontinuation oral, should be attempted. If the treatment is con- 
tinued, these patients should saparua carefully monitored for adverse effects, especially conduction 
disturbances and exacerbation of tachyarrhythmias, as Cordarone is continued. In Cordarone patients who re- 
quire additional antiarrhythmic therapy, the initial dose of such agents should be approximately halt the usual 
recommended dose 
Cordarone® should be used with caution in patients on beta blockers or calcium antagonists because of pos- 
sible potentiation of bradycardia, sinus arrest and AV block: if necessary. Cordarone can be continued after 
insertion of a pacemaker in patients with severe bradycardia or sinus arrest 


SUMMARY OF DRUG INTERACTIONS WITH CORDARONE 





itis. Frequency has generally been low. (2-7% in most published reports), but recent preliminary reports A 











Concomitant Interaction Recommended Dose Reduction 
Drug Onset (days) Magnitude of Concomitant Drug 
Warfarin 3-4 Increases prothrombin time by 100% 41/3-1/2 

Digoxin 1 Increases serum concentration by 70% 41/2 

Quinidine 2 Increases serum concentration by 33% +1/3-1/2 (or discontinue) 
Procainamide <7 Increases plasma concentration 11/3 (or discontinue) 


by 55%, NAPA* concentration by 33% 
*NAPA - n-acetyl procainamide 





ELECTROLYTE DISTURBANCES Since antiarrhythmic drugs may be ineffective or arrhythmogenic in patie: 
with hypokalemia, correct any potassium or magnesium deficiency betore beginning Cordarone 


CARCINOGENESIS, MUTAGENESIS. IMPA;RMENT OF FERTILITY 
Cordarone reduced fertility of male and female rats at 90 mg/kg/day (8 times highest recommended hun 
maintenance dose) 
Cordarone® caused a statistically significant, dose-related increase in incidence of thyroid tumors (follict 
adenoma and/or carcinoma) in rats Incidence of thyroid tumors was greater than contro! even at lowest 
Cordarone level tested, i.e . 5mg/kg/ day or approximately ' the highest recommended human maintena 
dose Array aes studies (Ames, micronucleus and lysogenic tests) with Cordarone were negative 
PREGNANCY. PREGNANCY CATEGORY C: Cordarone” has been shown to be embryotoxic (increased fetal 
resorption and growth retardation) in rats given orally at 200 mg/kg/day (18 times maximum recommen 
maintenance dose) Similar findings have been noted in one strain of mce at 5 mg/kg/day (approximatel 
the maximum recommended maintenance dose) and higher, but not in a second strain nor in the rabbit at 
doses up to 100 mg/kg/day (9 times maximum recommended maintenance dose) 
anew should be used during pregnancy only if potential benefit to mother justifies unknown risk to 
etus A 
LABOR AND DELIVERY It is not known whether the use of Cordarone during labor or delivery has any imn 
ate or delayed adverse eftects 
NURSING MOTHERS. Cordarone™ is excreted in human milk. suggesting that breast-feeding could expose | 
nursing infant to a significant dose. Nursing offspring of lactating rats administered Cordarone have been 
shown to be less viable and have reduced body-weight gains Therefore. when Cordarone is indicated 
mothers should be advised to discontinue nursing 
PEDIATRIC USE. Safety and effectiveness of Cordarone in children have not been established 
Adverse Reactions: Adverse reactions have been very common in virtually all series of patients treated with 
Cordarone for ventricular arrhythmias and with relatively large doses (400 mg/day and above) they occur 
in about three fourths of all patients, causing discontinuation in 7-18% The most serious reactions are pul 
monary toxicity. exacerbation of arrhythmia. and rare serious liver injury (See WARNINGS), but other adv 
effects constitute important problems. They are often reversible with dose reduction and virtually always 
reversible with cessation of cug Most adverse effects appear to become more frequent with continue 
treatment beyond six months, although rates appear to remain relatively constant beyond one year The ti 
and dose relationships of adverse effects are under continued study 
Neurologic problems are extremely common. occurring in 20-40% and include malaise and tatigue. tremor 
involuntary movements, poor coordination and gait and peripheral neuropathy: they are rarely a reason | 
stop therapy and may respond to dose reductions 
Gastrointestinal complaints, most commonly nausea, vomiting, constipation and anorexia, occur in about 
but rarely require discontinuation. They commonly occur during high-dose administration (1 e loading do 
and usually respond to dose reduction or divided doses 
Asymptomatic corneal mic: odepositsare present in virtually all adult patients who have been on drug for 
more than 6 months. Some patients develop eye symptoms of halos, photophobia. and dry eyes Vision i< 
rarely affected and drug discontinuationis rarely needed 
Dermatological adverse reactions occur in about 15% with photosensitivity being most common (about 40 
Sunscreen and protection from sun exposure may be helptul. and drug discontinuation is not usually nec- 
essary Prolonged exposure to Cordarone occasionally results in a blue-gray pigmentation. slowly and 
occasionally incompletely reversible on discontinuation of drug but of cosmetic importance only 
Cardiovascular adverse reactions. other than exacerbation of arrhythmias, include the uncommon occurri 
of congestive heart failure (3%) and bradycardia Bradycardia usually responds to dosage reduction but n 
require a pacemaker for control. CHF rarely requires discontinuation Cardiac conduction abnormalities ot 
infrequently and are reversible on discontinuation 
The following side-effect rates are based on a retrospective study of 241 patients treated for 2-1.515 days 
meen 441 3 days) 

he following side effects were each reported in 10-33%: 
Gastrointestinal. Nausea and vomiting 
The following side effects were each reported in 4-9%: 
Dermatologic Solar dermatitis/ photosensitivity 
Neurologic Malaise and fatigue, tremor/abnormal involuntary movements. lack of coordination. abnorma 
Ree dizziness, paresthesias 

jastrointestinal. Constipation, anorexia 
Ophthalmologic Visual disturbances 
Hepatic: Abnormal liver-function tests 
Respiratory Pulmonary inflammation or fibrosis 
The following side effects were each reported in 1-3%: 
Thyroid Hypothyroidism, hyperthyroidism bl 
Neurologic Decreased libido, insomnia. headache. sleep disturbances. 
Cardiovascular: Congestive heart failure. cardiac arrhythmias, SA node dystunction 
Gastrointestinal: Abdominal pain 
Hepatic: Nonspecific hepatic disorders. 
Other Fivaning: abnormal taste and smell. edema. abnormal salivation, coagulation abnormalities 
The following side effects were each reported in less than 1%: 
Blue skin discoloration, rash. spontaneous ecchymosis, alopecia, hypotension and cardiac conduction 
abnormalities 
Rare occurrences of hepatitis and cirrhosis have been reported Relationship of these events to each, 


therapy has not been definitively established A 

In surveys of almost 5,000 patients tr in open U.S. studies and in published reports of Cordarot 
treatment, adverse reactions most fi ntly requiring discontinuation included pulmonary infiltrates 
fibrosis, paroxysmal ventricular tachycardia, congestive heart failure and elevation of liver enzymes. Oth 
symptoms causing discuntinuations less often included visual disturbances, solar dermatitis, blue skin di 
coloration. hyperthyroidism and hypothyroidism 


Overdosage: There have been 3 reported cases of overdose in which 3-8 grams were taken. There were no 
deaths or permanent sequeiae. Animal studies indicate Cordarone has a high oral LDso (>3,000 mg/kg). In 
addition to general supportive measures. patient's cardiac rhythm and blood pressure should be monitore 
and if bradycardia ensues, a B-adrenergic agonist or a pacemaker may be used. Hypotension with inadeqi 
tissue perfusion should be treated with positive inotropic and/or vasopressor agents. Neither Cordarone r 
its metabolite is dialyzable 


and Administration 

BECAUSE OF THE UNIQUE PHARMACOKINETIC PROPERTIES, DIFFICULT DOSING SCHEDULE, AND SEVERITY 
THE SIDE EFFECTS IF PATIENTS ARE IMPROPERLY MONITORED, CORDARONE SHOULD BE ADMINISTERED 0 
BY PHYSICIANS EXPERIENCED IN TREATMENT OF LIFE-THREATENING ARRHYTHMIAS WHO ARE THOROUGI 
FAMILIAR WITI AND BENEFITS OF CORDARONE THERAPY, AND WHO HAVE ACCESS TO LABORATOF 
FACILITIES | LE OF ADEQUATELY MONITORING EFFECTIVENESS AND SIDE EFFECTS OF TREATMENT 
insure an ani ‘thmic effect will be observed without waiting several months, loading doses are requiri 
A uniform, optimal dosage schedule for Cordarone has not been determined. Individual patient titration is 
suggested according to following guidelines 
For life-threatening ventricular arrhythmias, e.g.. ventricular fibrillation or hemodynamically unstable 
ventricular tachycardia. Close monitoring of the patients is indicated during loading phase, particularly ur 
risk of recurrent ventricular tachycardia or fibrillation has abated. Because of serious nature of the arrhyt 
mia and lack of predictable time course of effect, loading should be performed in a hospital setting Loadii 
doses of 800-1,600 mg/day are required for 1-3 weeks (occasionally longer) until initial therapeutic respor 
occurs. (Administration of Cordarone in divided doses with meals is suggested for total daily doses of 1,0 
mg or higher. or when gastrointestinal intolerance occurs.) If side effects become excessive, dose should | 
reduced. Elimination of recurrence of ventricular fibrillation and tachycardia usually occurs within 1-3 we 
along with reduction in complex and total ventricular ectopic beats. 
Upon starting Cordarone, attempt should be made to gradually discontinue prior antiarrhythmic drugs st 
section on “Drug Interactions"). When adequate arrhythmia control is achieved, or if side effects become 
prominent, Cordarone dose should be reduced to 600-800 mg/day for one month and then to the maintena 
dose, usually 400 mg/day (Son; pinigai Pharmacology” —“Monitoring Effectiveness” in package insert) S 
patients may require larger maintenance doses, up to 600 mg/day, and some can be controlled on lower 
doses. Cordarone® may be administered as a single daily dose. or in patients with severe gastrointestinal 
intolerance, as a b.id. dose. In each patient, the chronic maintenance dose should be determined accordin 
antiarrhythmic effect as assessed by symptoms, Holter recordings, and/or programmed electrical stimula 
and by patient tolerance. Plasma concentrations may be helpful in evaluating nonresponsiveness or unex- 
pectedly severe toxicity. (See “Clinical Pharmacology” in package insert) 

he lowest effective dose should be used to prevent occurrence of side effects. In all instances. the physician must be 
guided by severity of individual patient's arrhythmia and response to therapy. When dosage adjustments are 
necessary, payent should be closely monitored for an extended period of time because of long and variab! 
half-lite of Cordarone and difficulty in predicting time required to attain new steady-state level. Dosage 
suggestions are summarized below 











___ Loading Dose (Daily) _ Adjustment and Maintenance Dose (Daily) 
Ventricular 1-3weeks ~1 month usual maintenance 
Peyna 800-1.600 mg 600-800 mg 400 mg 


Consult tull package insert before use 


How Supplied: 200 mg tablets, bottles of 60 and REDIPAK™ cartons of 100 
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Electrophysiologic effects of intravenous 
magnesium in patients with normal conduction 
systems and no clinical evidence of significant 


cardiac disease - 


Paranteral magnesium. has been used for several decades in the empiric treatment of various 
„arrhythmias; büt the data on its electrophysiologic effects in man are limited. We evaluated the 
electrophysiologic effects of magnesium sulfate (MgSO,) administration in eight _ 
normomagnesemic patients with normal mononuclear cell magnesium content, who had no 
clinically significant heart disease and had normal baseline electrophysiologic properties. After 
administration of intravenous MgSO., serum magnesium rose significantly from 1.9 + 0.1 to 
4.4 + 1.7 mg/dl (p < 0.02). During a maintenance magnesium infusion, we observed significant 
d prolongation of the ECG PR interval (145 + 18 to 155 + 26 msec, p < 0.05), AH interval 
(77 + 27 to 83 + 26 msec, p < 0.002), antegrade atrioventricular (AV) nodal effective refractory 
period (278 + 67 to 293 + 67 msec, p < 0.05), and sinoatrial conduction time (60 + 54 to 
76 + 32 msec, p < 0.02). No significant effect was observed on sinus cycle length; sinus node 
recovery time, intra-atrial or intraventricular conduction times, QRS duration (during both sinus 
‘rhythm and ventricular pacing), QT interval, HV interval, paced cycle length resulting in AV nodal 
Wenckebach block, AV nodal functional refractory period, retrograde ventriculoatrial (VA) 
effective refractory period, or atrial and ventricular refractory periods. These findings, in 
conjunction with the demonstrated ability of magnesium to block slow channels for sodium 
movement, may provide.an explanation of the mechanism by which magnesium exerts its effect 


in the treatment of atrial and junctional arrhythmias. (Am Heart J 1988;1 15:367.) 


- Daniel L. Kulick, M.D.,* Robert Hong, M.D.,* Elisabeth Ryzen, M.D.,** 
Robert K. Rude, M.D.,** J. Nathan Rubin, M.D.,* Uri Elkayam, M.D.,* 
Shahbudin H. Rahimtoola, M.B., F.R.C.P.,* and Anil K. Bhandari, M.D.* 


Los Angeles, Calif. 


_ Parenteral magnesium sulfate has been used for 
several decades in the treatment of supraventric- 
ular tachyarrhythmias,'* digitalis-induced arrhyth- 
mias,°* paroxysmal ventricular tachycardia, and tor- 
sade de pointes.» In. the initial reports,»? the 
pretreatment serum magnesium concentrations and 
cellular magnesium contents were often not known, 
and the dose of magnesium administered was highly 
variable.: Later reports% have demonstrated an 
antiarrhythmic efficacy of magnesium therapy, both 
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in hypo- and in normomagnesemic patients with 
cardiac arrhythmias. 

Although the effects of magnesium on the surface 
ECG and on cardiac electrophysiology have been 
examined in animals,!-" the available data are lim- 
ited in man.**"** In the only electrophysiologic 
report, by DiCarlo et al., most of the patients had 
underlying heart disease ‘and conduction abnormali- 
ties. There are no systematic data on electrophysio- 
logic effects of intravenous magnesium in patients 
who have no apparent heart disease, and have 
normal baseline conduction properties and normal 
serum and cellular magnesium content. This study 
was undertaken with the aim of determining the 
effects of intravenous magnesium administration in 
this group of patients. 


METHODS 


Study population. The study population was selected 
from a subset of patients who had been referred to our 
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Table |. Electrocardiographic and _ electrophysiologic 
effects of intravenous magnesium 





Control Magnesium p value 
Electrocardiographic effects : 
Cycle length 760 + 216 726 + 158 NS 
PR 145 + 18 155 + 26 0.05 
QRS 92 + 10 93 +9 NS 
QT 352 + 38 . 344 + 29 NS 
QT, 411 + 47 407 + 34 NS 
Electrophysiologic effects. 
AH 77 + 27 83 + 26 0.002 
HV 39 +4 40 +6 NS 
PA 29 + 12 32 + 11 NS 
SNRT 1039 + 261 966 + 224 NS 
SNRT, 269 + 72 241 + 79 NS 
SACT (n = 7) 60 + 34 76 + 32 0.02 
Atrial ERP 225 + 32 230 + 37 NS 
Atrial FRP 247 + 28 253 + 31 NS 
AVN WCL 350 + 76 348 + 66 NS 
AVN ERP 278 + 67 293 + 67 0.05 
AVN FRP 391 + 67 392 + 76 NS 
VA WCL 394 + 122 416 + 110 NS 
(n = 5) 
VA ERP 288 + 96 295 + 101 NS 
(n = 5) 
RV A-S. 22+5 22 +6 NS 
RV ERP 215 + 24 210 + 19 NS 
RV FRP 244 + 25 241 + 17 NS 





All values are expressed in milliseconds, and are reported as mean + 1 
standard deviation. i 

SNRT = sinus node recovery time; SNRT, = corrected sinus node recovery 
time; SACT = sinoatrial conduction time; PA = conduction time from P 
wave onset to septal A wave; RV A-S = conduction time from right 
ventricular apex to septum; AVN WCL = atrial paced cycle length result- 
ing in AV riodal Wenckebach block; VA WCL = ventricular paced cycle 
length resulting in retrograde AV nodal Wenckebach block; ERP = effec- 
tive refractory period; FRP = functional refractory period; QT, = cor- 
rected QT interval; AVN = atrioventricular nodal; VA = ventriculoatrial; 
RV = right ventricular. 


medical center for electrophysiologic testing and who had 
normal baseline conduction parameters and no inducible 
supraventricular or ventricular tachycardia. Patients were 
excluded if they had any history of diuretic use, nutrition- 
al deficiency, or alcohol abuse. No patients had any 
history of myocardial infarction or ischemia, congestive 
heart failure, or history of documented conduction system 
disease. All patients were required to have normal serum 
electrolytes and renal function, as well as normal chest 
x-ray examinations and 12-lead ECGs. There were six men 
and two wonien, with a mean age of 27 + 5 years (range 18 
to 33 years). Five of the eight patients had no evidence of 
any structural-heart disease based on history, physical 


examination, chest x-ray films, M-mode and two-dimen- 


sional echocardiograms. Three patients had a midsystolic 
click at physical examination, and echocardiography con- 
firmed the diagnosis of mitral valve prolapse; none of 
these three patients had evidence of mitral regurgitation. 
One patient with atypical chest pain had angiographically 
proven normal coronary arteries. 
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Electrophysiologic protocol. The study protocol was 
approved by the Institutional Review Committee at our 
medical center. After informed consent was obtained, all 
patients were studied in the postabsorptive, nonsedated 
state. All cardioactive medications were withheld for at 
least 24 hours prior to the study. Three No. 6 French 
quadripolar electrode catheters were inserted into the 
right femoral vein via the Seldinger technique and were 
then positioned in the high right atrium (HRA), His 
bundle region, and right ventricular apex. Surface ECG 
leads V,, I, and aV,, as well as the intracardiac electro- 
grams, were displayed and recorded on an oscilloscopic 
recorder (VR-16, Electronics for Medicine/Honeywell - 
Inc., Pleasantville, N.Y.) at a paper speed of 100 mm/sec. 
Stimuli of a 2 msec pulse width were delivered at twice the 
diastolic threshold by a programmable stimulator (Bloom 
Associates, Narbeth, Pa.). 

The baseline atrio-His (AH) and His-ventricular (HV) 
intervals were measured during sinus rhythm. Sinoatrial 
conduction time was determined by pacing the high right 
atrium for eight beats at a cycle length approximately 20 
to 40 msec below the spontaneous sinus cycle length 
(Narula’s method).” Sinus node recovery time (corrected 
and uncorrected) was determined by pacing the right 
atrium at cycle lengths of 600 msec down to 300 msec, in 
decrements of 50 msec, with the maximal value being 
reported. The HRA was then paced at progressively 
decreasing cycle lengths (decrements of 10 msec) to 
determine the cycle length at which atrioventricular (AV) 
nodal Wenckebach conduction occurred. Antegrade atrial 
and AV nodal refractory periods were determined by the 
programmable atrial extrastimulus technique at an atrial 
paced cycle length of 500 msec.” Then ventricular over- 
drive pacing was performed at cycle lengths of 600 msec 
down to 300 msec, in 50 msec decrements. The ventricular 
and retrograde AV nodal refractory periods were deter- 
mined with ventricular overdrive pacing at 500 msec, by 
means of the programmable extrastimulus technique. 
Intra-atrial conduction through the right atrium was 
measured using the time from the earliest onset of the P 
wave on the surface ECG to the earliest atrial activation 
on the His bundle electrogram. For the purpose of this 
study, the right ventricular (RV) apex-to-septal conduc- 
tion time (RV conduction, apex to septum) was defined as 
the time interval between the earliest onset of the ventric- 
ular electrogram at the RV apex to that at the His bundle 
region. The QT inteval was measured from the earliest 
onset of the Q wave to the distal end of the T wave in any 
of the three simultaneously recorded ECG leads. The QT 
interval was corrected for the heart rate with Bazett’s 
formula.” 

Magnesium administration. Following completion of 
the baseline electrophysiologic protocol, blood was drawn 
for determination of baseline serum magnesium, calcium, 
and potassium concentrations, and for mononuclear cellu- 
lar magnesium content. Magnesium sulfate (MgSO,) was 
administered intravenously at a loading dose of 0.8 mEq/ 
kg over a 10-minute period, and was followed by a 
constant intravenous infusion of 0.2 mEq/kg/hr. This dose 
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Fig. 1. Effect of magnesium administration on conduction parameters. All values are expressed in 
milliseconds. SACT = sinoatrial conduction time; AVN WCL = atrial paced cycle length resulting in AV 
nodal Wenckebach block; AH = Atrio-His interval; HV = His-ventricular interval. 


was chosen to raise the serum magnesium level from-3.5 to 
4.5 mg/dl for the duration of the study. Fifteen minutes 
after starting the maintenance infusion, electrophysiologic 
testing was repeated. During the study period, patients 
were monitored at 15-minute intervals for changes in 
mental status, deep tendon reflexes, blood pressure, and 
heart rate. Blood for serum magnesium determination was 
drawn at each 15-minute interval and immediately after 
repeating the paċing protocol. Serum calcium and potassi- 
um were measured by Auto Analyzer (Perkin Elmer Corp., 
Norwalk, Conn.). Serum magnesium was measured by 
_ atomic absorption spectrophotometry. Mononuclear cell 
magnesium content was measured with a modification of 
methods described previously.” In this method, the mono- 
nuclear cells are separated using Ficoll density gradient 
centrifugation of heparinized blood; magnesium content 
of mononuclear cells is measured by atomic absorption 
spectrophotometry and expressed as micrograms of mag- 
nésium (Mg) per milligram of protein.” 

Statistics. All ECG and electrophysiologic parameters 
at contro] and during magnesium infusion were compared 
by means of paired t tests. The Wilcoxon signed-rank test 
was substituted where the hypothesis of normality was 
rejected. All multiple measurements of serum Mg concen- 
tration, systemic blood pressure, and heart rate were 


compared by analysis of variance, with significant hetero- 


geneity being further assessed with the Newman-Keuls 
multiple range test. Analysis: was performed with the use 
of the CLINFO system and the SAS statistical package 
(SAS Inc., Cary, N.C.) of the IBM 370 system (IBM Corp., 
Health Industry Division, Atlanta, Ga.) at the University 
of Southern California. All values are reported as mean + 
1 standard deviation. 


‘RESULTS 


Serum and mononuclear cellular magnesium determi- 
nation. Baseline serum Mg concentrations ranged 
from 1.7 to 2.0 mg/dl, with the mean being 1.9 + 0.1 
mg/dl (normal range = 1.7 to 2.1 mg/dl), and the 
mean mononuclear cell Mg content was 1.18 + 0.24 
ug Mg/mg protein (normal range = 1.11 to 1.35 ug 
Mg/mg protein). Only one patient had a low mono- 
nuclear cell Mg content (0.74 ug Mg/mg protein). 
Mean serum magnesium concentration was 4.2 + 
0.7 mg/dl immediately after the bolus infusion 
(p < 0.01 vs baseline), 5.4 + 4.0 mg/dl 15 minutes 
following initiation of the maintenance infusion 
(p < 0.02), 4.4 + 1.7 mg/dl at 30 minutes (p < 0.02), 
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Fig. 2. Effect of magnesium administration ‘on cardiac. refractoriness. All. values are expressed in ' 
milliseconds. AVN = AV nodal; ERP = effective refractory period; FRP = functional refractory period. - | 


and 4.4 + 1.7 mg/dl at 45 minutes (p < 0.06). Values 
for baseline serum chemistries were as follows: 
potassium, 4.1 + 0.3 mEq/L (range = 3.9 to 4.8 
mEq/L); calcium, 9.2 + 0.3 mg/dl (range = 8.7 to 9.7 
mg/dl); and creatinine, 1.2 + 0.2 ae (range = 0. 8 
to 1.5 mg/dl). 

Heart rate and blood pressure response during ntu- 


sion. Magnesium sulfate did not cause significant 


changes in the heart rate. The mean heart rate was 
80 + 20 bpm before Mg, 90 + 23 bpm immediately 
after the bolus of MgSO, 85 +19 bpm .at 15 
minutes of infusion, 86 + 22 bpm at 30 minutes, and 
78 + 14 bpm at 45 minutes. The mean arterial blood 
pressure did not change significantly during Mg 
infusion, being 95 + 8 mm Hg before Mg adminis- 
tration, 95 + 11 mm Hg after bolus, 99 + 10 mm Hg 
at 15 minutes of infusion, 100 + 10 mm Hg at 30 


. minutes, and 98-+ 10 mm Hg at 45 minutes. 


ECG effects (Table 1). Magnesium adminstration 
resulted in a significant lengthening of the PR 
interval (145 + 18 to 155 + 26 msec, p < 0.05), but 


there was no significant change in the QRS duration, _ 


QT interval, QT, interval, or a cd of the ST 
segment or T wave. 


Electrophysiologic effects (Table |, Figs. 1 and 2). 
There were no significant changes in the sinus cycle 
length or the corrected and uncorrected sinus node 
recovery time. Sinoatrial conduction time showed a 
significant increase from 60 + 34 to 76 + 32 msec 
(p = 0.02) after MgSO, administration. K 
_ MgSO, administration resulted: in a anani 
increase in the AH interval, from 77 + 27 to 83 + 26 
msec (p = 0.002). The atrial paced cycle length ‘at 
which AV nodal Wenckebach block occurred did not 


differ significantly before or after Mg administra- 


tion. AV nodal effective refractory period increased 
significantly after MgSO, administration (278 + 67 
vs 293 + 67 msec, p = 0.05). However, there were no 
changes in the AV nodal functional refractory peri- 
od, right atrial effective and functional refractory 
periods, or right ventricular effective and functional 
refractory periods. 

. During the control study, ventriculoatrial paride: 
tion was intact in five of the eight patients. Mg did 
not significantly change either the ventricular paced 
cycle length associated with retrograde ventriculo- 
atrial Wenckebach block or the retrograde ventricu- 
loatrial effective refractory period. There was no. 
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significant change in the duration of ventricular 
paced QRS complexes at cycle lengths of 500, 450, 
400, 350, and 300 msec following MgSO, administra- 
tion. MgSO, did not result in a significant prolonga- 
tion of RV apex-to-septal conduction time. 
Extracardiac effects. All eight patients experi- 
enced initial sensations of flushing and warmth at 
the onset of Mg loading, but this was resolved in all 
by the end of the bolus injection and did not recur 
during the steady-state infusion. This is a well- 
described phenomenon” following rapid intrave- 


nous injection of magnesium. None of our patients 


experienced loss of deep tendon reflexes, respriatory 
or central nervous system depression, or other unto- 
ward reactions. 


DISCUSSION 


Previous reports of the ECG and electrophysio- 
logic effects of parenterally administered Mg are 
few, and their results have been conflicting. In 1939, 
Bernstein and Simkins gave 1 gm MgSO, to 34 
patients with no clinically apparent heart disease 
and observed no change in PR interval, QRS dura- 


tion, or heart rate. In 1943, Boyd and Scherf! © 


administered 1.5 to 3.0 gm of intravenous Mg to 10 
patients with paroxysmal tachycardia (supraven- 
tricular in eight and ventricular in two), and report- 
ed mild prolongation of the PR interval (20 to 50 
msec) in 3 of the 10 patients. Szekely,” in 1946, failed 
to find significant ECG effects of a higher dose (4 
gm) of MgSO, given to 10 patients in sinus rhythm. 
In 1950, Enselberg et al.” similarly found small and 
inconsistent changes in the PR interval following 
administration of 4.0 gm of intravenous Mg to 
patients in sinus rhythm. In none of the aforemen- 
tioned studies, however, were baseline and post 
treatment serum Mg concentrations reported. 
Recently, DiCarlo et al.” administered 6.0 gm of 
MgSO, to 10 normomagnesemic patients and 
observed significant prolongation of the PR interval, 
with no significant change in heart rate, QRS dura- 
tion, or QT interval. 

In the present study, we evaluated the ECG and 
electrophysiologic effects of pharmacologic doses of 
intravenously administered MgSO, in eight subjects, 
all of whom had normal baseline values for intracar- 
diac conduction and normal serum and mononuclear 
cell Mg concentrations. Our results demonstrate 
that Mg results in a significant prolongation of the 
PR interval (145 to 155 msec; 7% increase). This 
prolongation was demonstrated to be at the level of 
the AV node during electrophysiologic testing. In 
addition, Mg induced a significant prolongation of 
sinoatrial conduction time and AV nodal effective 
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refractory period, but had no effect on atrial or 
ventricular refractoriness or ventriculoatrial (VA) 
conduction. i 

These findings are in general agreement with 
those reported in the aforementioned study of 
DiCarlo et al, where Mg significantly prolonged 
AV conduction and refractoriness and had no effect 
on His-Purkinje conduction or on atrial or ventricu- 
lar refractoriness. Unlike the present study, howev- 
er, these investigators reported a significant increase 
in corrected sinus node recovery time, in the atrial 
paced cycle length resulting in AV nodal Wencke- 
bach block, and in the QRS duration during rapid 


_ ventricular pacing at 500 and 250 msec. The discrep- 


ancies in the findings of these two studies might be 
related to important differences in the nature of the 
respective patient populations. In the study of 
DiCarlo et aL, 7 of their 10 patients had the presence 
of a baseline intraventricular conduction defect, 
whereas none of the patients in the present study 
had this abnormality. It is conceivable that the 
electrophysiologic effects of Mg are different in 
patients with baseline conduction abnormalities 
compared to the effects of Mg in patients with 
normal conduction systems. Six of the patients 
studied by DiCarlo et al. had the presence of dilated 
cardiomyopathy, and the mean age of their 10 
patients was 54 + 12 years. Our patients had no 
evidence of cardiomyopathy, clinical heart failure, 
or other significant cardiovascular disease, and were 
significantly younger than those studied by DiCarlo 
et al. (27 + 5 years). In addition, the degree of 
hypermagnesemia attained by DiCarlo et al. was 
somewhat higher than that in the present study 
(5.4 + 0.4 vs 4.2 + 0.7 mg/dl, respectively), and this 
may in part account for the observed differences 
between the two studies. 

Our findings are also in accord with those re- 
ported in experimental studies. Smith et al, in 
1939, administered intravenous MgSO, to 11 dogs; 
PR prolongation was observed in all experiments, 
and sinoatrial block was found in two instances. The 
levels of Mg in this study were quite high, however 
(over 15 mEq/L). Watanabe and Dreifus* demon- 
strated in isolated rabbit heart preparations a signif- 
icant (18%) prolongation of AV conduction time in 
the presence of high (6.3 mmol/L) Mg concentra- 
tions. Recently, Nishimura et al.” studied the effects 
of magnesium ions on AV nodal conduction in seven 
isolated rabbit hearts and reported a 30% prolonga- 
tion of AV conduction at an Mg concentration of 5 
mmol/L. These authors also demonstrated that Mg 
caused a voltage-dependent inactivation of the slow 
inward sodium current, which may in part explain 
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the negative dromotropic effect of Mg on the AV 
node. In contrast, changes in Mg concentration have 
been shown to exert little or no effect on electro- 
physiologic properties of canine Purkinje or muscle 
fibers, unless the calcium concentration is low in the 
bath.” In that case, Mg shortens the plateau phase 
and total duration of action potential, presumably 
by suppressing the slow inward sodium current that 
develops in the absence of calcium ions. These 
observations are consistent with the observed lack of 
effects of hypermagnesemia on conduction proper- 
ties and refractoriness of atrial or ventricular muscle 
fibers. 

Parenteral magnesium has been used in the treat- 
ment of atrial, AV junctional, and ventricular 
arrhythmias in man.’ However, most reports fail to 
mention baseline and post treatment Mg concentra- 
tions, and it is not clear whether patients who 
responded to Mg therapy were magnesium deficient 
or not. In addition, normal serum Mg concentrations 
do not exclude the possibility of intracellular Mg 
deficiency. Previous studies’*7*?° have demon- 
strated low muscle cell and mononuclear cell Mg 
content in patients with congestive heart failure, in 
those receiving diuretic therapy, and in an unselect- 
ed group of patients admitted to an intensive cardi- 
ac care unit, despite the presence of normal serum 
Mg concentrations. Recently, Mg has been reported 
to suppress refractory arrhythmias in patients with 
normal serum Mg concentrations but low mononu- 
clear cell Mg content.’ Thus, knowledge of the status 
of intracellular Mg is important in the evaluation of 
magnesium-responsive arrhythmias. Based on our 
findings of prolongation of AV nodal conduction and 


refractoriness, there may be a basis for the use of Mg 


in AV junctional tachyarrhythmias, although to date 
no study has systematically evaluated Mg in the 
treatment of these arrhythmias. Magnesium may 
have a more specific role in the treatment of digital- 
is-induced arrhythmias,** owing to its induction of 
an increase in intracellular potassium, both due to 
its role as a cofactor in the sodium-potassium 
ATPase enzyme and via a direct effect on intracellu- 
lar potassium permeability.*° Furthermore, Mg 
appears to have a specific therapeutic role in the 
therapy of torsade de pointes, both in hypomagne- 
semic as well as in normomagnesemic patients®”; 
the mechanism of magnesium’s action in this 
arrhythmia remains to be elucidated. 

In summary, we have demonstrated that when 
administered to subjects without underlying Mg 
deficiency and with normal baseline conduction 
properties, parenterally administered Mg induces 
prolongation of conduction through sinoatrial and 
AV nodal tissues and increases AV nodal refractori- 
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ness with no significant effect on atrial or ventricu- 
lar refractoriness. Our findings suggest that the 
value of Mg as an antiarrhythmic agent warrants 
further clinical investigation. 


The authors wish to thank Judith Clarke, R.N., Sharon Blue, 
R.N., Lorine Villanueva, and Mary Duda for their assistance in 
the care of these patients and in the preparation of this manu- 
script. : 
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Cardiomyopathy with arrhythmias and 
ectodermal dysplasia: A previously unreported 


association 


Hidrotic ectodermal dysplasia represents a group of congenital or hereditary disorders that 
involve ectodermal derivatives. It is characterized by partial or complete alopecia, dystrophic 
nails, and dental abnormalities. Dilated cardiomyopathy has not previously been reported in 
association with this illness. We report the cases of three children with fatal dilated 
cardiomyopathy with associated cardiac arrhythmias and ectodermal dysplasia. Laboratory 
investigations revealed no specific cause for the cardiomyopathy. It is speculated that this 
association is not simply coincidental. (Am Heart J 1988;115:373.) 
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Hidrotic ectodermal dysplasia represents a group of 
congenital or hereditary disorders that involve ecto- 
dermal derivatives. It is characterized by partial or 
complete alopecia, dystrophic nails, and dental 
abnormalities.! Dilated cardiomyopathy has not 
been previously reported in association with this 
illness. We report fatal dilated cardiomyopathy with 
cardiac arrhythmias occurring in three unrelated 
children with ectodermal dysplasia. 
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METHODS AND RESULTS 


Case 1. N.S. was first hospitalized at another institu- 
tion at the age of 3 years, 4 months because of a prolonged 
infection of the upper respiratory tract. Dilated cardiomy- 
opathy with congestive heart failure was diagnosed based 
on cardiomegaly and echocardiographic abnormalities. 
Her hospital course was complicated by an arterial throm- 
bus in the left lower extremity that resolved with heparin 
treatment. Two weeks later she developed atrial fibrilla- 
tion that required electrocardioversion, quinidine, and 
digoxin treatment to restore normal sinus rhythm. The 
patient was referred to this institution 5 months after her 
initial diagnosis. A physical examination revealed a 12.0 
kg (fifth percentile) and 92 cm (fifth percentile) child with 
a temperature of 98.0° F, heart rate of 100 bpm, blood 
pressure of 92/48 mm Hg, and a respiratory rate of 28/min 
without distress. She had sparse scalp hair, absent eye- 
brows, and hyperkeratotic follicular papules on the exten- 
sor surfaces of her extremities. The fingernails and toe- 


373 


374 Hammill et al. 


February 1988 
American Heart Journal 


we Ne 





RHYTHN STREPs HH 
25 am/sec:] ca/mý 


DA RT NIEI SERGE i Lar SSD AaS 





1. 05440Hz 12590 


Fig. 1. The 12-lead ECG in case 1 shows right axis deviation, abnormal interventricular conduction, and 
ST-T flattening. The rhythm is sinus with one premature ventricular contraction. The QRS voltage is 


low. 





Fig. 2. M-mode echocardiogram from case 1 shows dili- 
tation of the right and left ventricles and severely reduced 
contractility (shortening fraction of 11%). The right ven- 
tricular (RV) diameter is 2.7 cm (range 1.00 to 1.52). The 
left ventricular (LV) diameter is 5.1 cm (range 2.97 to 
3.59). 


nails were somewhat hypoplastic, but dentition was nor- 
mal. Cardiac examination revealed a hyperdynamic pre- 
cordium with a laterally displaced point of maximal 
impulse, left ventricular heave, and a grade II/VI systolic 


ejection murmur. ECG showed right axis deviation, abnor- 
mal interventricular conduction, and ST-T flattening 
(Fig. 1). A chest x-ray film showed marked cardiomegaly, 
with a cardiothoracic ratio of 69%. Echocardiography 
showed that both ventricles were dilated with a left 
ventricular shortening fraction of 11% (Fig. 2). There was 
mild mitral and tricuspid valve regurgitation by Doppler 
echocardiography. 

Cardiac catheterization revealed a large left ventricle 
with increased left ventricular end-diastolic pressure. The 
coronary arteries were normal. A myocardial biopsy spec- 
imen was interpreted as showing chronic myocarditis with 
moderate lymphocytic infiltration of the myocardium 
(Fig. 3). Similar lymphocytic infiltrates were also noted on 
the muscle biopsy specimen of the left thigh. Findings of 
antinuclear antibodies, antideoxynbonucleic acid, C3, and 
C-reactive protein, IgA, IgM, Westergren sedimentation 
rate, and serum carnitine concentration were within nor- 
mal limits. The patient was treated with azothiopine, 
prednisone, and cyclosporine for 12 weeks. She was read- 
mitted on several occasions for worsening congestive heart 
failure during the next 5 months. She continued to have 
intermittent atrial flutter and fibrillation and premature 
ventricular contractions that were treated with phenytoin 
therapy (50 mg every day). At the time of her last 
admission her medications included digoxin, 0.075 mg 
twice a day, prednisone, 20 mg every day, cyclosporine 200 
mg every morning, warfarin (Coumadin), 1 mg every day, 
captopril, 25 mg three times daily, phenytoin, 25 mg two 
times daily, furosemide, 20 mg every morning, and meto- 
lazone, 1 mg every morning. The patient died of conges- 
tive heart failure 20 months after her initial cardiac 
evaluation. 

Case 2. C.R. presented at age 3 years, 5 months with a 
1-month history of bronchitis and increasing tiredness. 
Two days before admission chest pain was noted. Physical 
examination revealed a 13.2 kg (fifth percentile) and 102 
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Fig. 3. Myocardial biopsy specimen from case 1 show moderate lymphocytic infiltrate of the myocardi- 


um. 





Fig. 4. Posteroanterior and lateral chest x-ray films in case 2 show severe cardiomegaly (cardiothoracic 


ratio of 64%). 


cm (twenty-fifth percentile) child with a temperature of 
98.0° F, heart rate of 100 bpm, blood pressure of 96/50 mm 
Hg, and respiratory rate of 32/min with moderate distress. 
She had diffuse alopecia of the scalp, absent eyebrows, 
and fine scaling patches on the left side of her trunk. Her 
fingernails and toenails were hypoplastic, and her teeth 
were markedly carious. She had a prominent gallop 
rhythm, although no heart murmur was heard. An ECG 
showed sinus tachycardia with left axis deviation, ST-T 
changes, and an interventricular conduction delay. A chest 
x-ray film showed marked cardiomegaly (Fig. 4). M-mode 
echocardiography demonstrated that both ventricles were 
dilated with a left ventricular shortening fraction of 
19%. 

Cardiac catheterization confirmed biventricular dilita- 
tion with poor contractility and mildly elevated left 
ventricular end-diastolic pressure, and angiography con- 
firmed the presence of normal coronary arteries. An 


immunologic evaluation was within normal limits. The 
patient was readmitted several times for treatment of 
congestive heart failure and intermittent premature ven- 
tricular contractions, but her clinical condition continued 
to deteriorate. At the time of her last discharge, her 
medications included digoxin, 0.1 mg by mouth every day, 
hydralazine HCL, 20 mg by mouth every 8 hours, spiron- 
alactone, 50 mg by mouth every day, furosemide, 60 mg by 
mouth every day, and prednisone, 25 mg by mouth every 
other day. The patient died suddenly at home 7 months 
after her initial presentation. 

Case 3. B.B. presented at another institution at 18 
months of age with a 3-week history of periods of altered 
consciousness and episodes of unresponsiveness associ- 
ated on two occasions with cyanosis. He was seen by a 
neurologist, who began treatment with phenytoin to con- 
trol the seizures. The spells became more frequent with 
loss of consciousness and cyanosis. Phenobarbital was 
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Fig. 5. Holter ECG recording obtained during syncopal episode in case 3 shows ventricular tachycardia. 


Heart rate was 175 bpm. 


added without improvement, and the child was subse- 
quently referred to a pediatric cardiologist. Holter moni- 
tor revealed intermittent ventricular tachycardia and 
bradycardia during the unresponsive episodes. ECG 
showed a prolonged QT interval and junctional rhythm. 
Just before referral the patient was found to have poly- 
morphic ventricular tachycardia during a syncopal epi- 
sode (Fig. 5). He was admitted to this institution 5 months 
after initial presentation. Physical examination revealed a 
11.4 kg (twenty-fifth percentile) and 81 cm (fifth percen- 
tile) child with a temperature of 99.3° F, heart rate of 74 
bpm, blood pressure of 119/49 mm Hg, and respiratory 
rate of 20/min with no notable respiratory distress. He had 
total alopecia of the scalp and eyebrows. There were no 
abnormalities of the teeth or nails. Cardiac examination 
revealed a quiet precordium with regular rate and rhythm. 
No murmurs, rubs, or gallops were heard. Immunologic 
evaluation was within normal limits. ECG showed right 
axis deviation, prolonged QT interval, incomplete right 
bundle-branch block, and first-degree atrioventricular 
block. Holter monitor showed numerous runs of supraven- 
tricular tachycardia and premature ventricular contrac- 
tions and nonsustained ventricular tachycardia. A chest 
x-ray film showed mild cardiomegaly. M-mode echocar- 
diography showed an enlarged left ventricle with an 
end-diastolic diameter of 3.4 cm (normal 2.6 to 3.1 cm) 
with a shortening fraction of 41%. There was mild tricus- 
pid regurgitation by Doppler echocardiography. 

During cardiac catheterization and electrophysiologic 
studies, the patient exhibited nonsustained ventricular 
tachycardia and an electrically silent and inexcitable 
atrium. A ventricular demand pacemaker was implanted, 
but the pacing threshold deteriorated and became too 
high for capture. The patient later developed rapid ven- 
tricular tachycardia, followed by bradycardia and cardiac 
arrest. Despite maximal efforts to resuscitate, the patient 
died in the hospital 5 months after his initial presenta- 
tion. 


DISCUSSION 


A review of the literature revealed no previous 
reports of the concurrence of cardiomyopathy and 
ectodermal dysplasia. Congenital heart disease has 


been reported in association with unrelated ectoder- 
mal defects.”* Dilated cardiomyopathy is uncom- 
mon in children, and its coexistence with ectodermal 
dysplasia therefore appears to be more than coinci- 
dental. 

In our three cases the development of alopecia 
preceded the clinical manifestations of cardiomyop- 
athy by many months. Two children had congestive 
heart failure and the third had syncopal episodes 
caused by ventricular tachycardia. A history of 
seizures or syncope should alert the physician to the 
possibility of cardiac arrhythmias in these patients 
and should be carefully evaluated, since untreated 
ventricular tachycardia presenting this way may 
lead to sudden death.* No clearly defined illness 
other than ectodermal dysplasia appeared to pre- 
cede the cardiomyopathy in any patient. 

The echocardiographic and hemodynamic fea- 
tures of the cardiac dysfunction that occurs in 
patients with ectodermal dysplasia are consistent 
with a dilated cardiomyopathy. In each case echo- 
cardiography demonstrated increased left ventricu- 
lar end-diastolic diameters with decreased shorten- 
ing fraction in two patients and maintenance of the 
shortening fraction in the third. Atrioventricular 
valve regurgitation was also documented by Doppler 
echocardiography in two patients. Cardiac catheter- 
ization demonstrated increased left ventricular end- 
diastolic pressure in two of the three patients. These 
findings are consistent with dilated cardiomyopa- 
thy.® 

The cause of the ectodermal dysplasia and the 
cardiomyopathy in our patients is unknown and 
could not be determined despite the numerous 
laboratory studies performed. It is possible that 
ectodermal dysplasia may be associated with an 
increased susceptibility to agents that may cause 
cardiomyopathy, such as virusus. Although coxsack- 
ie viruses A and B, echovirus, and influenza and 
rubella viruses are known myocardial pathogens,® 
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none was identified in these patients. One patient 
was treated with immunosuppression, but this did 
not appear to improve the outcome. 

Cardiac biopsy in children with idiopathic dilated 
cardiomyopathy has been previously reported to 
have a very low diagnostic yield. Myocardial biopsy 
specimens in eight of 24 children with idiopathic 
cardiomyopathy showed no findings to suggest any 
specific etiology.’ The possibility that the associated 
cardiomyopathy in patients with ectodermal dyspla- 
sia is the result of an autoimmune process is also 
unlikely because detailed laboratory evaluations of 
acute phase reactants and actinuclear antibodies 
were negative. Furthermore, in patients with colla- 
gen-vascular diseases in whom an autoimmune com- 
ponent is known, dilated cardiomyopathy is uncom- 
mon,’ 

A possible embryologic relation between the ecto- 
derm and cardiac diseases deserves comment. Cells 
of ectodermal origin, that is, neural crest cells from 
the level of occipital somites 1 to 3, are known to 
invade the cardiac outflow tract early in avian 
development and are also thought to contribute to 
septation of the semilunar valves and closure of the 
interventricular foramen in mammals.’ Although no 
structural outflow anomalies were noted in the 
present series, the presence of neural crest deriva- 
tives in the embryonic heart provides at least a 
theoretic basis for the concomitant occurrence of 
ectodermal and cardiac diseases. Cardiomyopathy 
has been described in patients with other neuroec- 
todermal abnormalities, such as tuberous sclerosis, 
neurofibromatosis, and lentiginosis.® 

Idiopathic cardiomyopathy in children has a grave 
prognosis. In a recent series of children under age 18 
years, 15 of 24 patients died. The 1-year survival 
rate was 63% after diagnosis, and the 5-year survival 
rate was 34%. In this series, 25% of these patients 
had ventricular arrhythmias and one died suddenly, 
presumably from an arrhythmic event.’ All three 
patients reported here had cardiac arrhythmias and 
premature ventricular contractions. This may be 
coincidental or may indicate that the cardiomyopa- 
thy associated with ectodermal dysplasia has an 
unusually high arrhythmogenic potential. The 
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arrhythmic death of one patient and sudden death 
of another in this series underlines the clinical 
importance of these arrhythmias. It has previously 
been reported that as many as half of the patients 
with cardiomyopathy may die suddenly, presumably 
of arrhythmias.” 

This study documents the occurrence of idiopath- 
ic dilated cardiomyopathy in three young children 
with ectodermal dysplasia. Both ectodermal dyspla- 
sia and idiopathic cardiomyopathy are uncommon in 
childhood and the grave prognosis in such children 
emphasizes the need for evaluation of cardiac func- 
tions in children with ectodermal dysplasia. Fur- 
thermore, children with ectodermal dysplasia who 
have changes in mental status, seizures or syncope 
should be evaluated for cardiac arrhythmias, since 
these may lead to sudden death. 
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intravenous fenoldopam in heart failure: 
Comparing the hemodynamic effects of 
dopamine, receptor agonism with nitroprusside 


Dopamine, receptors mediate hemodynamic effects that may be beneficial in patients with 
congestive heart failure. We infused the selective dopamine, receptor agonist, fenoldopam 
mesylate (SKF 82526 J), to evaluate hemodynamic and neurohumoral changes during continuous 
intravenous infusion in patients with congestive heart failure and compared them with the effects 
of nitroprusside, a traditional vasodilator that works by a distinctly different mechanism. In 15 
patients with a mean radionuclide ejection fraction of 17%, the agents were infused In a 
random-ordered, double-blinded, crossover, active drug-controlled protocol after optimal dosing 
was determined during a titration period. Hemodynamic changes were induced in minutes with 
both drugs during a mean (+ standard deviation) infusion dose of 1.45 + 1.66 g/kg/min for 
fenoldopam and 2.99 + 1.59 g/kg/min for nitroprusside. At 1 hour, mean blood pressure 
decreased and cardiac index rose with both drugs, and the effect lasted throughout the 6-hour 
infusion period. Nitroprusside, but not fenoldopam, reduced right heart filling pressures (including 
mean pulmonary capillary wedge, mean right atrial, and mean pulmonary artery pressures) during - 
the infusion period. Both drugs caused significant reduction in systemic vascular and pulmonary 





arteriolar resistances. No significant change occurred in plasma norepinephrine levels. 
Fenoldopam ameliorates some of the adverse hemodynamic changes that occur during heart 
failure but does not reduce right heart filling pressures as does nitroprusside. Because of 
fenoldopam’s unique characteristics, it may benefit ‘certain patients with heart failure. (AM HEART 
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Infusion of dopamine has become a commonly used 
therapeutic technique in select patients with hemo- 
dynamic decompensation. The pharmacologic 
effects observed with different concentrations of 
dopamine are attributed to the simultaneous activa- 
tion of both alpha- and beta-adrenergic receptors as 
well as the stimulation of specific dopamine recep- 


tors.}? Evidence indicates that activation of these : 


dopamine receptors results in a variety of vascular 
and neurohumoral responses in the cardiovascular 
system that are beneficial to patients with conges- 
tive heart failure,’ and new compounds that selec- 
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tively stimulate these receptors are being evaluated. 


. These new drugs are highly selective activators. of. 


dopamine receptors and seem to’ possess no other 
adrenergic activity. We first demonstrated“ that 


one of these compounds, fenoldopam mesylate (SKF 


82526 J), a specific dopamine, receptor agonist, is 
effective in inducing beneficial hemodynamic 


‘changes in. patients with heart failure. Fenoldopam 


is more potent than, dopamine in producing renal _ 
vasodilation,** and its pharmacologic characteristics | 
make it active when administered orally. The prima- 
ry effect of the drug seems to be arteriolar, and 
blood pressure decrement is due to diminished 
peripheral vascular resistance.” Arterial beds 
known to be affected by this compound include 


. splanchnic,’ cerebral; coronary," and skeletal mus- 


cle.’ The appearance of facial flushing reported 
after oral fenoldopam administration” also suggests 
that cutaneous arteriolar dilation has occurred. The 


- hemodynamic changes are short lived and are not 


associated with tachycardia or significant side 
effects.® 1 


x 
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The present investigation was designed to evalu- 
ate, for the first time, the hemodynamic and neuro- 
humoral effects of continuous intravenous infusion 
of fenoldopam in patients with congestive heart 
failure and compare any changes with those induced 
by nitroprusside, a traditional vasodilator that 
works by a distinctly different mechanism.” 


METHODS 


Patient selection. Using a protocol approved by the 
Baylor College of Medicine Institutional Review Board for 
Human Research, we studied 15 patients with severe left 
ventricular dysfunction and congestive heart failure (New 
York Heart Association functional class HI or IV with 
signs and symptoms of peripheral and central congestion). 
The mean radionuclide angiographic ejection fraction of 
the group was 17% (range, 11% to 30%). Coronary artery 
disease was the cause of heart failure in nine patients, and 
six patients had idiopathic dilated congestive cardiomyop- 
athy (normal coronary angiogram without obvious reason 
for left ventricular dysfunction). There were 12 men and 3 
women, and the mean age was 40 years (range, 31 to 63 
years). All patients had previously undergone routine 
diagnostic cardiac catheterization, and none had primary 
valvular heart disease or hypertension that caused their 
left ventricular dysfunction. Ten patients were being 
evaluated for cardiac transplantation, and six ultimately 
received orthotopic heart transplants. 

The study was random ordered, double blinded, cross- 
over, and active drug controlled. Diuretics, vasodilators, 
and digitalis preparations were withheld at least 12 hours 
before the study. After informed consent was obtained, 
right heart catheterization was performed with a flow- 
directed, triple-lumen, balloon-tipped, thermodilution 
catheter that was positioned in the pulmonary artery in 
standard fashion. The catheter was inserted 12 to 24 hours 
before the study days. The following hemodynamic 
parameters were measured: mean right atrial pressure, 
pulmonary artery, and pulmonary capillary wedge pres- 
sures. Cardiac output was obtained in triplicate by the 
thermodilution technique, which accepted < a 10% varia- 
tion between individual calculations. Arterial pressure was 
measured with a mercury manometer and cuff over the 
brachial artery. Calculated hemodynamic indexes includ- 
ed mean arterial blood pressure, cardiac index, stroke 
volume index, systemic vascular resistance, total pulmo- 
nary resistance, and pulmonary arteriolar resistance. 

The study was performed during a 3-day period in our 
cardiac care unit. On day 1 each patient underwent right 
heart catheterization and was allowed to stabilize after 
withdrawal of his routine medications. On day 2, baseline 
hemodynamic measurements were made every 15 minutes 
for 1 hour. All patients had an overnight fast of greater 
than 8 hours and a liquid breakfast only. Solid food was 
allowed approximately 6 hours after drug infusion had 
begun. This procedure was followed to minimize the 
hemodynamic effect that cardiac catheterization and 
meals may have on the patient with heart failure.® 7 

Drug administration was begun in a random-ordered 
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sequence with either fenoldopam or nitroprusside and 
titrated to a desired hemodynamic endpoint that was 
defined as either a 20% fall in mean blood pressure, a 
decrease of systolic blood pressure to 90 mm Hg, or at least 
a 40% reduction in pulmonary capillary wedge pressure. 
The development of significant tachycardia (20% increase 
in heart rate) required reduction of infusion dose. The 
starting dose of fenoldopam was 0.05 „g/kg/min and 
increased to a maximum of 1.5 ug/kg/min. For nitroprus- 
side, the initial dose was 0.1 ug/kg/min and increased to 
4.8 ug/kg/min. 

Repeat hemodynamic measurements were obtained 1 
hour after the optimal dose had been determined, and 
dosing changes were subsequently allowed only if the 
patient developed symptoms of hypotension or tachycar- 
dia. Hemodynamic measurements were again made after 
2, 4, and 6 hours of infusion and 2 hours after the drugs 
had been discontinued. At each data collection point, 
measurements were made three consecutive times during 
a 5-minute period and then averaged. On day 3, the same 
drug infusion protocol was followed using the alternate 
compound. 

Blood was withdrawn from the right atrium for plasma 
norepinephrine levels in 10 randomly chosen patients. 
Samples were obtained at baseline and after a 4-hour 
steady-state infusion of fenoldopam or nitroprusside. All 
patients had been in the supine position for at least 30 
minutes. The samples were immediately spun down in a 
centrifuge, refrigerated, and batch analyzed later. Plasma 
norepinephrine concentration was determined by liquid 
chromatography assay by means of standard techniques 
used in our institution. 

Plasma fenoldopam levels were-“2termined in all 15 
patients at the 2- and 4-hour” -noidopam infusion points 
as well as immediately, 30 minutes, and 2 hours after 
discontinuation of the infusion. Drug levels were deter- 
mined by liquid chromatography with the electrochemical 
detection technique.” 

Statistical analysis, which compared baseline parame- 
ters with observations made at subsequent points during 
the drug infusions, was done with the nonparametic 
paired value, Wilcoxon signed-rank test, and Bonferoni’s 
method for multiple simultaneous comparisons. 


RESULTS 


Dose titration analysis was performed in the 10 
patients randomly chosen to have catecholamine 
levels measured. Fig. 1 demonstrates the dose titra- 
tion curve that measures mean blood pressure and 
heart rate during fenoldopam and nitroprusside 
infusion. All of these patients tolerated fenoldopam 
doses of 0.05 to 1.00 ug/kg/min. Nine of 10 patients 
received doses of 1.25 and 1.5 yg/kg/min without 
difficulty. The maximum fenoldopam dose given 
was 1.5 ug/kg/min. For all 15 patients the average 
fenoldopam infusion (+ SD) was 1.45 + 1.66 ug/ 
kg/min and 2.99 + 1.59 ug/kg/min for nitroprusside. 
Thus virtually all of the patients were able to be 
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Fig. 1. Drug titration. The left panel plots mean blood pressure (+ SEM) for 10 patients receiving 
intravenous fenoldopam and nitroprusside. Doses are listed horizontally, and the number of patients 
tolerating long-term infusion of each dose are bracketed. Heart rate is plotted in the right panel. Blood 
pressure consistently decreased with both fenoldopam and nitroprusside, with a plateau noticed at the 1 
ug/kg/min dose of fenoldopam. No significant change in heart rate occurred at any dose with either drug. 
Significant blood pressure reduction occurred at 0.25 ug/kg/min with fenoldopam and at 0.8 yg/kg/min 


with nitroprusside. 


Table l. Fenoldopam and nitroprusside in congestive heart failure (N = 15; mean + SD) 








Parameter Base Ihr 2hr 
Heart rate (bpm) 

FEN 99 + 20 102 + 14 105 + 14 

NP 94 + 17* 90 + 14* 90 + 16* 
Mean blood pressure 

FEN 87 + 14 74 + 8f 76 + 107 

NP 86 + 13 67 + lit 67 + 11t 
Mean wedge pressure 

FEN 25+ 8 25 +9 24+9 

NP 2648 17+ 7f 18 + 6T 
Mean right atrial pressure 

FEN 447 15+8 1447 

NP 14+6 10 + 5*t 10 + St 
Mean pulmonary artery pressure 

FEN 38 + 10 36 + 11 35 + 11 

NP 39 + 10 29 + OF 28 + lif 
Cardiac index (L/min/m*) 

FEN 19 + 0.6 2.9 + 1.2f 3.1 + 1.2f 

NP 2.0 + 0.5 2.9 + 0.9f 2.9 + 0.9T 
Stroke volume index (ml/beat/m’) 

FEN 20 +9 30 + 18f 30 + 13ł 

NP 22 +9 32 + 10f 33 + 11f 
Pul arteriolar res 

FEN 337 + 218 177 + 102 165 + 95t 

NP 308 + 195 179 + 101f 181 + 143ł 
Sys vasc res 

FEN 1689 + 497 929 + 304+ 961 + 378T 

NP 1634 + 449 894 + 286 886 + 339+ 





4hr 6 hr After 
103 + 14 107 + 13 104 + 15 
91+ 16 96 +17 97 + 16 
80 + 13ł 78 + 12t 89 + 16 
66 + 107 71 + 15ł 81 + 12 
25 +9 25 +9 26+ 8 
17 + Tt 19 + 6t 22 + 8t 
13+7 148 14247 
10 + 6f 11+ 7} 13+ 8 
36 + 12 37 + 11 38 + 10 
26 + 9f 28 + 10T 35 + 9 
2.8 + 1.0 2.7 + 1.1F 2.0 + 0.5 
3.0 + 0.8T 2.8 + LOT 2.3 + 0.8T 
28 + 10F 25 + 11f 19+6 
33 + 9f 30 + 13f 26 + 11t 
188 + 102f 228 + 158T 268 + 165+ 
128 + 75t 163 + 133f 233 + 156 
1087 + 360T 1165 + 456T 1647 + 457 
836 + 276F 980 + 336T 1354 + 554 





All pressures in millimeters of mercury. FEN = fenoldopam; NP = nitroprusside; pul arteriolar res = pulmonary arteriolar resistance (dynes - sec » cm™); 


Sys vasc res = systemic vascular resistance (dynes + sec + cm™~). 
*p < 0.05, fenoldopam vs nitroprusside. 
tp < 0.01 vs baseline. 
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Fig. 2. Hemodynamic observations. Observed and calcu- 
lated hemodynamic parameters are plotted (mean + 
SEM) for all 15 patients at baseline (0 hour) and at 1-, 2-, 
4-, and 6-hour infusion points. BP = mean blood pressure; 
CI = cardiac index; HR = heart rate; PAP = mean pulmo- 
nary artery pressure; PAR = pulmonary arteriolar resis- 
tance; PCWP = mean pulmonary capillary wedge pres- 
sure; RAP = mean right atrial pressure; SVR = systemi 

vascular resistance. i 


titrated to the maximum fenoldopam dose. For the 


group, significant decline in mean blood pressure - 


was first apparent from a 0.25 ug/kg/min infusion of 
fenoldopan and a 0.8 „g/kg/min infusion of nitro- 
prusside. In all patients, after termination of drugs, 
blood pressure returned to baseline within 5 minutes 
and remained at that point (Table I). 

All hemodynamic measurements for the group are 
summarized in Table I and presented as group 
mean + standard deviation. As can. be seen, all 
baseline parameters were essentially the same on the 
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Fig. 3. Plasma fenoldopam levels. Mean (+SEM) fenol- 
dopam levels plotted at the 2- and 4-hour infusion points, 
as well as immediately, 30 minutes, and 2 hours after 
discontinuation of the infusion. 


fenoldopam and nitroprusside infusion days except 
for heart rate, which was slightly higher on the day 
fenoldopam was administered (99 + 20 vs 94 + 17 
bpm, p<0.05). The anticipated hemodynamic 
changes with fenoldopam were noted and included 
no significant change in heart rate but a decline in 
mean blood pressure that was rapid in onset and 
maintained for the entire 6-hour drug infusion peri- 
od. l 

Fig. 2 graphically illustrates the hemodynamic 
changes and indicates that the peak reduction in 
blood pressure was apparent at 1 hour. The blood 
pressure response was similar to that noted with 
nitroprusside infusion, and neither drug caused a 
significant change in heart rate. As expected from 
our experiences with oral fenoldopam, right heart 
filling pressures changed little with this drug. 
Although mean pulmonary capillary wedge, right 
atrial, and pulmonary artery pressures tended to 
decrease slightly, the changes were not statistically 
significant. In contrast, during nitroprusside infu- 
sion, mean pulmonary capillary wedge pressure 
decreased from 26+8 to 1747 mm Hg 
(p < 0.001), mean right atrial pressure dropped from 
14+6 to 10+5 mm Hg (p< 0.003), and mean 
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Fig. 4. Catecholamine levels. Plasma norepinephrine levels (picograms per milliliter) were measured in 
10 patients at baseline and at the 4-hour infusion point. No significant change in mean levels occurred with 


either fenoldopam or nitroprusside. 


Table Il. Correlation between plasma norepinephrine lev- 
els and hemodynamics at 4-hour infusion point 














Nitro- 

Fenoldopam prusside 

ro p r p 
Parameter* value value value value 
Mean blood pressure —0.49 0.14 0.26 0.46 
Heart rate 0.54 0.11 0.34 0.33 
Pulmonary capillary wedge —0.19 0.60 —0.43 0,22 

pressure 

- Cardiac index —0.25 0.48 —0.01 0.99 
Stroke volume index —0.52 0.12 -0.10 0.78 
Systemic vascular resistance -0.50 0.14 -0.04 0.91 





~Independent variable = hemodynamic parameter (percentage of change 
baseline to 4-hour infusion point); dependent variable = plasma norepi- 
nephrine level (percentage of change baseline to 4-hour infusion point). 


pulmonary artery pressure fell from 39 + 10 to 
29 + 9 mm Hg (p < 0.001) at 1 hour. All of these 
hemodynamic effects were maintained for the dura- 
tion of the nitroprusside infusion. 

Similar increases in cardiac and stroke volume 
indexes were noted with both drugs, but interesting- 
ly, these values remained elevated even at the 
2-hour postinfusion point when nitroprusside was 
used (Table I). Comparable reductions were noted 
when systemic vascular resistance was calculated 
and compared. Although right heart pressures were 
only slightly reduced by fenoldopam, pulmonary 
arteriolar resistance was decreased significantly. 
This parameter fell from 337 + 218 to 177 + 102 
(dynes + sec - cm™ after fenoldopam and from 308 + 
195 to 179 + 101 dynes+sec-cm™ after nitroprus- 
side at the first-hour observation point. 


Fig. 3 demonstrates that plasma fenoldopam lev- 
els remained constant through the 2- and 4-hour 
infusion points (89 + 15 and 37 + 15 ug/ml, respec- 
tively) and fell rapidly after discontinuation of the 
infusion. These levels correlated with a significant 
reduction in mean blood pressure as seen in Fig. 2. 

Fig. 4 illustrates the levels of norepinephrine 
expressed in picograms per milliliter and observed 
at baseline and after 4 hours of steady-state infusion 
of fenoldopam and nitroprusside. There were indi- 
vidual patient variations, but changes in the mean 
values of norepinephrine were not significant. With 
fenoldopam, norepinephrine levels increased from 
974 + 478 to 1170 + 443 pg/ml (p = NS) and with 
nitroprusside decreased from 1011 + 541 to 989 + 
432 pg/nl (p = NS). 

No significant correlations were observed between 
the percentage of change in norepinephrine level 
when compared with the percentage of change in 
heart rate, mean blood pressure, cardiac index, 
stroke volume index, systemic vascular resistance, 
and pulmonary capillary wedge pressures. These 
correlations and their corresponding `p values are 
summarized in Table II. f 


DISCUSSION 


This study demonstrates that intravenous infu- 
sion of fenoldopam results in a significant reduction 
of blood pressure and subsequent augmentation of 
stroke volume with a decrease in systemic vascular 
resistance. This is seen without significant decline in 
right heart filling pressures, but a drop in pulmo- 
nary resistance is apparent. This observation should 
not be construed to indicate that fenoldopam is a 
pulmonary vasodilator, since significant reduction 
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in pulmonary arteriolar resistance occurred because 
of the increase in cardiac index and slight fall in 
mean pulmonary artery pressure without any effect 
on pulmonary capillary wedge pressure. The onset of 
fenoldopam action is rapid, as is the return of 
baseline hemodynamics when the infusion is 
stopped. The hemodynamic changes are present for 
the duration of drug infusion, and by using each 
patient as his own control and comparing the effects 
of fenoldopam with nitroprusside, the relatively 
pure afterload-reducing effects are highlighted. It is 
important to note that similar degrees of reduction 
in systemic vascular resistance were achieved by the 
two drugs, and it is known that fenoldopam’s activ- 
ity is mediated through dopamine, receptor ago- 
nism*” rather than the direct vasodilator action of 
nitrates.’° Of particular importance is the fact that 
the hemodynamic changes seen with the intravenous 
formulation parallel exactly those we noted with the 
oral agent. This study further confirms the fact 
that isolated dopamine, receptor stimulation can 
beneficially affect many of the detrimental hemody- 
namic parameters seen in certain patients with left 
ventricular dysfunction. 

From a theoretic standpoint, the paml 
characteristics of fenoldopam make it an attractive 
therapeutic option in certain circumstances. Since 
both oral,®“ and as this investigation proves, intra- 
venous formulations are active, this allows intrave- 
nous titration of the drug with subsequent dosing 
with the oral agent. 

The additional fact that the drug causes vasodila- 
tion by mechanisms other than stimulation of the 
adrenergic or histaminic receptors and does not 
cause prostaglandin or endogenous catecholamine 
release** creates new pharmacotherapeutic options 
that may be clinically beneficial. The development 
of dopamine analogs having selective dopamine, 
receptor activity is important, since these receptors 
induce smooth muscle relaxation in the renal, mes- 
enteric, femoral, coronary, and cerebral vascular 
beds. On the other hand, agents, activating dopa- 
mine, receptors, which are located on the postgangli- 
onic sympathetic nerve terminal, may lead to an 
inhibition of norepinepherine release.* 

Growing evidence supports the use of selective 
dopamine analogs in congestive heart failure. We 
first reported the hemodynamic effects of a n- 
dialkyl-substituted dopamine analog, n-propyl-N- 
n-butyldopamine in conscious dogs, normal human 
volunteers, and patients with depressed ventricular 
function.” This analog activates both dopamine, 
and dopamine, receptors without beta-adrenergic 
stimulation and with little or no alpha-adrenergic 


Dopamine receptor agonism in CHF 383 


vasoconstrictor activity. In dogs, this drug lowers 
blood pressure and systemic vascular resistance 
while increasing renal blood flow. In normal human 
volunteers, renal blood flow was doubled with this 
drug, and in patients with heart failure, increasing 
doses of this compound produced a significant rise 
in cardiac index that was associated with concomi- 
tant reduction in systemic vascular resistance with- 
out any signficant rise in heart rate. These hemody- 
namic findings were strikingly similar to the ones 
noted during fenoldopam infusion. 

Other dopamine analogs have also been used. 
Levodopa, an orally active dopamine precursor, can 
induce beneficial hemodynamic changes in patients 
with heart failure.’ Its major problem is drug toxici- 
ty, particularly nausea and vomiting, because of 
dopamine, receptor activity. 

Prior studies with dopamine in patients with 
heart failure have shown that the beneficial actions 
are primarily due to positive inotropic effects medi- 
ated by ĝ, adrenergic receptors and toa lesser 
degree, activation of dopaminergic receptors.” This 
results in either a modest reduction or no change in 
peripheral resistance, particularly in the higher dose 
range. The potent dopamine, receptor activity: of 
fenoldopam creates the beneficial effect of afterload 
reduction (as reflected by diminished systemic vas- 
cular resistance) in the patient with heart failure, 
which may improve left ventricular efficiency. 
Because this drug also has potent renal vasodilatory 
effects," one might expect that renal vascular 
dynamics will be beneficially affected, and at least 
partially offset the troublesome problems of fluid 
and sodium retention. This later hypothesis has yet 
to be tested in patients with heart failure. 

In conclusion, the administration of intravenous 
fenoldopam resulted in significant improvement of 
some hemodynamic parameters in patients with 
congestive heart failure. These changes paralleled 
those seen in similar patients when oral fenoldopam 
was given. The effects were rapid in onset, abated 
quickly when the infusion was terminated, and the 
drug seemed to affect systemic arteriolar as opposed 
to venous beds most as might be predicted." The 
magnitude of change noted in mean blood pressure 
and systemic vascular resistance was similar to the 
effects induced by standard doses of nitroprusside. 
Because the drug does not dramatically reduce right 
heart or pulmonary artery pressures, it may be used 
best in combination with compounds having these 
effects. Many patients with heart failure, however, 
only need afterload-reducing agents. Fenoldopam’s 
oral and intravenous activity and potential renal 
vasodilatory effects may make it a useful agent in 
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patients with severe heart failure or other states in 
which increased vascular resistance may create clin- 
ical difficulty. 


We gratefully acknowledge the secretarial expertise of Barbara 
Bond during manuscript preparation, as well as the cooperation 
and assistance of The Methodist Hospital’s Coronary Care Unit 
nursing staff during drug infusion. 
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Localized septal hypertrophy: Part of the 
spectrum of hypertrophic cardiomyopathy or an 
incidental echocardiographic finding? 


In a prospective study of the results of 5582 consecutive two-dimensional echocardiographic 
examinations, hypertrophy of a localized region of the basal ventricular septum was identified. in 
26 patients. Proven diagnoses were coronary disease in five patients, coronary plus valvular 
disease In three, valvular disease In seven, and miscellaneous In four. Localized septal 
hypertrophy was the only cardiac diagnosis in seven patients. The ratio of the thickness of the 
hypertrophied area to that of the adjacent septum was = 1.7 (mean 1.93 + 0.19) in all patients. 
The ratio of the length of the hypertrophied portion (mean 0.34 + 06) to the length (apex to 
base) of the septum was <0.39 in all but one patient. Although the mitral valve tended to be 
more anterior than expected in 20, other features of hypertrophic cardiomyopathy were generally 
lacking. Of four patients undergoing left ventricular angiography, the bulge was identified in only 
one in whom cranial-caudal angulation was added to the 60-degree left anterior oblique view. An 
autopsy was performed in one patient; the hypertrophy was Identified, although results of 
microscopic examination showed no fiber disarray. These data suggest that, in most instances, 
localized septal hypertrophy is an incidental echocardiographic finding. The diagnosis of 
hypertrophic cardiomyopathy should generally not be made on the basis of this feature alone. 


(Am Heart J 1988;115:385.) 


Israel Belenkie, M.D., Rosalind P. R. MacDonald, B.Sc., and Eldon R. Smith, M.D. 


Calgary, Alberta, Canada 


Echocardiography is now well established as the 
technique of choice for the diagnosis of hypertrophic 
cardiomyopathy.'* Although the distribution of 
hypertrophy may vary from patient to patient,’® it 
usually involves a significant proportion of the 
ventricular septum. 

Several years ago, we noted an occasional patient 
referred for echocardiographic assessment in whom 
_ the only abnormality was hypertrophy of the basal 
portion of the interventricular septum. Because this 
pattern of involvement had not been previously well 
characterized, we performed a prospective study to 
determine the clinical relevance of this observation. 
Our data suggest that this finding is incidental in 
most cases and by itself does not warrant the 
diagnosis of hypertrophic cardiomyopathy. 


METHODS 


We prospectively evaluated 5582 consecutive patients 
referred to our echocardiographic laboratory. All studies 
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Table |. Patient characteristics 





Characteristics 


No. of Patients - 26 
Sex (M/F) i 14/12 
Mean age (yr) i 66 + 11 
Diagnoses 4 

Coronary artery, disease 

Coronary plus valvular disease 

Valvular disease 

Miscellaneous . 

Only localized septal hypertrophy 


am 10 Ot 





è 


were performed with commercially available equipment 
and used a 2.25 MHz transducer with storage of data on 
0.5-inch VHS videotape. The examinations were perform- 
ed with the patient in the left lateral decubitus and 
‘approximate 15-degree head-up position. Standard left 
parasternal long- and short-axis and apical two- and 
four-chamber views were obtained in all patients. In 
addition, from the apical four-chamber position, the 
transducer was angulated anteriorly toward the aortic root 
to produce a “five-chamber” view whenever possible. 
M-mode recordings were obtained by directing the steer- 


‘able cursor to the desired portion of the image. 


Localized septal hypertrophy was defined as discrepant 
thickness of the basal portion of the ventricular septum 
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Table Il. Clinical and echocardiographic data in patients with localized septal hypertrophy 








Patient No. Age (yr) Sex Initial symtoms ECG findings Cardiac diagnosis 
1 69 M Heart failure A Fib MVD, coronary disease 
2 50 M Atypical chest pain Normal Hyperkinetic heart syndrome 
3 72 F HT Normal Aortic regurgitation 
4 77 F Sepsis, murmur Normal Localized septal hypertrophy 
5 78 M Coronary disease Paced AVD, coronary disease 
6 57 M Leukemia Normal Coronary disease 
7 42 F Mitral prolapse ST-T changes Mitral prolapse 
8 55 M HT LVH HT 
A Fib 
9 71 F Chest pain syncope, HT LVH AVD 
10 73 F Syncope, HT Normal Localized septal hypertrophy 
11 67 M HT, murmur Normal Localized septal hypertrophy 
12 64 F Atypical chest pain Previous MI Localized septal hypertrophy 
13 76 F Heart failure A Fib Mitral regurgitation 
14 55 M Chest pain WPW CAD, AVD, WPW 
15 68 M Palpitations ST-T changes Localized septal hypertrophy 
16 66 F- Chest pain Old-MI Coronary disease 
RBBB 
17 76 M Heart failure A Fib Congestive cardiomyopathy 
LBBB 
18 71 M Chest pain Old MI Coronary disease 
19 14 F Chest pain LVH Coronary disease 
Acute MI 
RBBB 
20 77 F Atypical chest pain Normal Mitral prolapse 
21 76 F Chest pain LVH Localized septal hypertrophy 
A Fib 
22 81 F Syncope Paced Conduction system disease 
23 38 M Atypical chest pain, presyncope ST Changes Localized septal hypertrophy 
24 66 M Asymptomatic Normal Aortic regurgitation 
25 57 M Chest pain Old MI Coronary disease 
26 64 M Heart failure LVH Aortic regurgitation 





A Fib = Atrial fibrillation; AVD = aortic valve disease; HT = hypertensive heart disease; LBBB = left bundle branch block; LVH = left ventricular . 


hypertrophy; MI = myocardial infarction; MVD = mitral valve disease; RBBB = right bundle branch block; WPW = Wolff-Parkinson-White syndrome, 


visible in at least two echocardiographic views. The ratio 


of the thickness of the hypertrophied area to that of the. - 


adjacent septum was measured from the left parasternal 
long-axis view and that proportion of the length of the 
septum which was thickened was determined from the 
apical four-chamber view. Care was taken to exclude 
patients with infarction adjacent to a (apparent) thick- 
ened portion of the septum or those in whom an impres- 
sion of septal hypertrophy was produced by an increased 
angle between the septum and aortic root. All subjects 
identified as having localized septal hypertrophy under- 
went cardiologic assessment, ECG, and chest x-ray exam- 
ination. Other investigations (including invasive studies) 
were performed only when clinically indicated. 


RESULTS 


Localized septal hypertrophy as defined in this 
study was identified in 26 patients. There were 14 
men and 12 women with a mean age of 66 + 11 
(range 38 to 81) years (Tables I and II). The 
diagnosis of hypertrophic cardiomyopathy was con- 


sidered before echocardiographic study in five of 
these patients, three of whom had atypical chest 
pain and a systolic murmur. The remaining two 
patients had clinical findings that were more sugges- 
tive of hypertrophic cardiomyopathy (unexplained 
ECG evidence or left ventricular hypertrophy in one 
and an abnormal apical impulse and systolic mur- 
mur in the other). As shown in Table I, proven 
diagnoses in the study group included coronary 
artery disease in five (verified angiographically or by 
clinical evidence of myocardial infarction), coronary 
artery disease plus valvular disease in three, valvular 
disease in seven, and miscellaneous conditions in 
four (hyperdynamic heart in one, hypertensive heart 
disease in one, conduction system disease [paced] in 
one, and congestive cardiomyopathy in one). In 
seven patients, the localized septal hypertrophy was 
the only echocardiographic abnormality detected. 
ECG data. The ECG had at least one abnormality 
in 18 patients (Table II). The abnormalities includ- 
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Apical Four-chamber 


Fig. 1. Illustrations from two patients with localized septal hypertrophy. A to C, Localized septal 
hypertrophy (arrows) in left parasternal long-axis and apical two- and four-chamber views. D to F, Views 
from another patient in whom hypertrophy (arrows) was best seen in left parasternal long- and short-axis 


and apical four-chamber views. 


ed evidence of myocardial infarction in five, nonspe- 
cific ST and T wave changes in three, bundle branch 
block in five, ventricular preexcitation in one, atrial 
fibrillation in five, and left ventricular hypertrophy 
in five. In the seven patients in whom localized 
septal hypertrophy was the only cardiac diagnosis, 


the ECG was abnormal in four; there was left 
ventricular hypertrophy in one, evidence of previous 
infarction in one, and nonspecific repolarization 
changes in two. 

Echocardiographic findings. Localized septal hy- 
pertrophy was present in the basal portion of the 
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Fig. 2. M-mode scan from left ventricle (LV) to aorta (A). Hypokinetic and hypertrophied area (arrows) 
is confined to basal portion of septum. Apical portion of septum is of normal thickness and contracts 


normally. 


ventricular septum in all 26 patients (Figs. 1 and 2) 
with minimal involvement of the adjacent left ven- 
tricular free wall in six. The ratio of the thickness of 
the hypertrophied area to that of the adjacent 
septum was >1.7 in the 21 patients in whom it could 
be reliably measured (mean 1.93 + 0.19; range 1.7 to 
2.5). The ratio of the length of the hypertrophied 
area to the length of the septum (apex to base) was 
0.34 + 0.06 in the 20 patients in whom it could be 
determined (range 0.25 to 0.55); it was >0.38 in only 
one patient. In the 19 patients with satisfactory 
parasternal short-axis images, the hypertrophy was 
localized to the posterior aspect of the septum in 
one, midportion in 11, and anterior portion in five, 
whereas it extended from the anterior to the poste- 
rior aspect in two. The hypertrophy was most often 
recognized from the left parasternal long-axis and 
apical four-chamber views, especially when the 
transducer was directed anteriorly in the apical view 
to include the proximal aorta in the image. Systolic 
anterior motion of the mitral valve (or chordae) was 
present in only one patient (No. 21 [Table II]), who 
had left ventricular hypertrophy on the ECG and no 
other identified disease), although the closure point 
of the mitral valve was more anteriorly located than 
normal in 20 patients! Among those patients in 
whom the M-mode tracings were adequate for accu- 
rate measurement of the left ventricular internal 
diameter at end diastole, it was <4.5 cm in only four. 


The fractional shortening was >0.40 in only six of 
these patients. 

Four patients underwent cardiac catheterization 
with left ventricular cineangiography. A bulge into 
the left ventricular outflow tract produced by the 
localized septal hypertrophy was seen in the only 
patient in whom a 60-degree left anterior oblique 
view with cranial-caudal angulation was obtained 
(Fig. 3). One patient died after an acute myocardial 
infarction. The localized hypertrophy was identified 
at autopsy, although no fiber disarray was apparent 
on microscopic examination. Of the remaining 
patients, one has developed sick sinus syndrome 
that required pacing, and another required aortic 
valve replacement for severe aortic regurgitation. 
The remaining patients have remained clinically 
stable. 


DISCUSSION 


The echocardiographic features of hypertrophic 
cardiomyopathy include asymmetric septal hyper- 
trophy,”* a small and hyperdynamic left ventricle 
with little or no systolic septal thickening,® systolic 
anterior motion of one or both leaflets of the mitral 
valve,*®1 and an abnormally anterior position of the 
closure point of the mitral valve.’ Although it has 
been recognized that the entire septum may not be 
involved in all patients’® and that hypertrophy is 
not usually limited to the ventricular septum,’ little 
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Fig. 3. Single frame from cineangiography performed in left anterior oblique projection with cranial- 
caudal angulation in patient with localized septal hypertrophy (arrows) and aortic regurgitation. 


attention has been given to patients with hypertro- 
phy localized to the basal septum.® 23 Maron et al.° 
observed hypertrophy limited to the anterior sep- 
tum in 10% of 125 patients (type I), although in the 
majority of them hypertrophy extended to the apical 
segment. In at least one of these patients, however, 
hypertrophy was limited to the basal portion of the 
anterior septum. In a subsequent report, Spirito et 
al.” reported findings in 10 highly selected symp- 
tomatic patients with mild localized left ventricular 
hypertrophy. However, too few data were provided 
concerning the localized nature of the hypertrophy 
to compare their findings with those of the present 
study. In one of their patients (Fig. 2), the hypertro- 
phy was more extensive than in any of our study 
patients. Shapiro et al. reported eight cases of 
localized subaortic hypertrophy in a consecutive 
series of 1000 patients. Each had left ventricular 
hypertrophy as a result of aortic valve disease (plus 
hypertension in two cases). Subaortic gradients were 
not present at cardiac catheterization or by Doppler 
examination. They concluded that this finding does 
not by itself imply a diagnosis of hypertrophic 
cardiomyopathy. 

The present study was performed in an attempt to 
assess the clinical significance of this limited degree 
of involvement as opposed to the more extensive 
hypertrophy generally seen in hypertrophic cardio- 
myopathy. Aside from the localized septal hypertro- 
phy and an abnormal anterior position of the mitral 
closure point (probably explained by the thickened 
septum), other characteristic echocardiographic fea- 
tures of hypertrophic cardiomyopathy were not 
encountered. As is evident in Fig. 2, the M-mode 
findings also reflected the localized nature of the 
septal hypertrophy. Apical to the thickened portion, 
both thickness and motion of the septum were 


normal. Two-dimensional echocardiography facili- 
tated the differentiation of this abnormality from 
that caused by an increased angle between the 
septum and aorta’ and a sigmoid septum. In 
neither of these latter conditions is there a real 
increase in septal thickness. 

The area of septal hypertrophy was identified 
angiographically in the one patient in whom left 
ventriculography was performed in the left anterior 
oblique projection with cranial-caudal angulation. 
There was no hemodynamic evidence of hypertro- 
phic cardiomyopathy in this patient and, indeed, 
aortic valve replacement was required because of 
severe valvular regurgitation. The localized region of 
septal hypertrophy was also visible on gross inspec- 
tion in the patient who died. Of particular interest, 
however, is the fact that there was no fiber disarray 
histologically, a feature believed by some to be 
characteristic of hypertrophic cardiomyopathy."® 

The findings in this study suggest that localized 
septal hypertrophy has little clinical significance. 
This is in agreement with the recent report by 
Shapiro, et al. despite the differences in the study 
populations (only a minority of our patients had 
aortic valve disease and left ventricular hypertro- 
phy). Clearly, the finding is uncommon, with only 26 
patients identified from 5582 consecutive echocar- 
diographic studies (a prevalence similar to that 
reported by Shapiro et al.'’). The rigid criteria for 
diagnosis used in this study, however, may well 
underestimate the true prevalence of the anomaly. 
Laboratories that study a greater proportion of 
patients with aortic stenosis and hypertension" may 
also encounter a greater prevalence. During this 
same time period, 64 patients with typical hypertro- 
phic cardiomyopathy underwent echocardiographic 
studies in our laboratory. Unlike those patients with 
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typical hypertrophic cardiomyopathy, the majority 
of the subjects in the current study had few, if any, 
clinical manifestations of cardiac disease that could 
not be adequately explained by the presence of 
another cardiac abnormality. Only one of the seven 
patients (No. 21, Table II) with localized septal 
hypertrophy as the only identified abnormality had 
symptoms and signs that might be best explained by 
hypertrophic cardiomyopathy. 

The ECGs were abnormal in 18 patients, although 
the changes were compatible with left ventricular 
hypertrophy in only five. Moreover, in the seven 
patients with localized septal hypertrophy as the 
only cardiac diagnosis, evidence of left ventricular 
hypertrophy was present in only patient No. 21, who 
had symptoms and no other identified cardiac dis- 
ease. It seems probable, therefore, that the localized 
septal hypertrophy in this patient indicated a car- 
diomyopathic process similar to that reported by 
Spirito et al.!? In three patients in this group, the 
ECGs were normal, a distinctly unusual finding in 
patients with hypertrophic cardiomyopathy.” Of the 
five patients with abnormal Q waves, three had 
proved coronary artery disease and one had Wolff- 
Parkinson-White syndrome. Thus, only a minority 
of patients had otherwise unexplained ECG abnor- 
malities. 

The age range of the patients with localized septal 
hypertrophy is also of interest. These patients were 
considerably older than is usual for typical hypertro- 
phic cardiomyopathy.’ This suggests that localized 
septal hypertrophy may be an acquired abnormality, 
perhaps related to septal shape changes with age or 
other causes (such as aortic valve disease) rather 
than a genetically determined one. However, this 
may just reflect limited myocardial involvement 
and, therefore, less physiologic disturbance. Studies 
of first-degree relatives of patients with localized 
septal hypertrophy are required to further clarify 
this question. 

The results of this study, therefore, lead us to 
conclude that hypertrophy localized to the basal 
septum infrequently represents part of the spectrum 
of hypertrophic cardiomyopathy. In most instances 
clinical features are readily explained by other car- 
diac pathology, suggesting that localized septal 
hypertrophy is usually an incidental finding or 
perhaps occurs as a result of a variety of other 
lesions. On the basis of this, we believe that the 
diagnosis of hypertrophic cardiomyopathy should be 
made with caution when septal hypertrophy is lim- 
ited to the basal septum. This approach is particu- 
larly warranted when one considers the prognostic 
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implications of the diagnosis of hypertrophic cardio- 
myopathy. 
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Pulsus paradoxus: Definition and relation to the 
severity of cardiac tamponade 


Based on 101 control patients, the 95% confidence limit for the inspiratory decrease in arterial 


systolic pressure (ASYST, mm Hg) and the percentage decrease in arterial systolic pressure 
(%ASYST = ASYST/expiratory systolic pressure) were determined to be 12 mm Hg and 9%, 
respectively. In 65 patients with pericardial effusion, the severity of cardiac tamponade was 
estimated on the basis of the percentage increase in cardiac output resulting from 
pericardiocentesis: absent = <20% (n = 24), mild = 20% to 49% (n = 9), and moderate or 
severe = >50% (n = 32). The accuracy of a ASYST > 12 mm Hg and %ASYST > 9% in the 
Identification of tamponade was 92% and 97%, respectively. A %ASYST > 15% with relative 
hypotension (expiratory systolic pressure < 120 mm Hg) or a ASYST > 25 mm Hg or inspiratory 
pulse obliteration was found in 31 of 32 patients with moderate or severe tamponade compared 
to 2 of the 33 remaining patients. We conclude that the inspiratory decline in arterial systolic 
pressure can be used to accurately estimate the level of hemodynamic embarrassment resulting 


from pericardial effusion. (Am Heart J 1988;115:391.) 


Edward I. Curtiss, M.D., P. Sudhakar Reddy, M.D., Barry F. Uretsky, M.D., and 


Alfred A. Cecchetti, B.S. Pittsburgh, Pa. 


An exaggerated inspiratory decrease in systemic 
arterial systolic pressure or pulsus paradoxus is one 
of the cardinal signs of cardiac tamponade. Because 


‘an inspiratory decrease in systolic pressure is a 


normal phenomenon,"? “exaggeration” requires def- 
inition. The original qualitative criterion for detec- 
tion of pulsus paradoxus, proposed by Gauchat and 
Katz? in 1924, was a palpable inspiratory decrease in 
amplitude of the peripheral pulse during quiet 
respiration.’ Although the quantitative manometric 
criterion has usually been held to be an inspiratory 
decrease equal to or exceeding 10 mm Hg,‘* some 
authors have used = 15 mm Hg? or = 20 mm Hg,” 
whereas others have advocated the use of a percent- 
age decrease." It is difficult to determine the accu- 
racy of these various criteria for pulsus paradoxus in 
the diagnosis of cardiac tamponade partly because 
the normal range for the inspiratory decrease in 
arterial systolic pressure in humans has not been 
well defined. The present study attempted to 
address these problems and to determine whether 
the amount of pulsus paradoxus can be useful in 
estimating the severity of hemodynamic compro- 
mise associated with pericardial effusion. 
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METHODS 


The control group was a consecutive series of patients 
undergoing diagnostic cardiac catheterization in whom no - 
pericardial fluid was detectable by M-mode or two- 
dimensional echocardiography or both. There were 49 
men and 52 women with an average age of 57 + 15 years. 
These patients were subdivided into two groups: (1) 27 
patients with minimal or no cardiac disease; 10 had mild 
valvular disease, 10 had noncardiac chest pain with nor- 
mal hemodynamics, five had single-vessel coronary dis- 
ease with normal left ventricular function, and two had 
miscellaneous conditions; (2) 74 patients with more signif- 
icant cardiac disease; 34 had multivessel coronary artery 
disease including 15 with a left ventricular ejection frac- 
tion <50%, 20 had valvular heart disease including nine 
with a left ventricular ejection fraction <50%, 11 had 
congestive cardiomyopathy, three had hypertrophic car- 
diomyopathy, three had hypertensive and atherosclerotic 
heart disease, and three had cor pulmonale. 

The second group consisted of a consecutive series of 
patients undergoing pericardiocentesis for suspected 
hemodynamic embarrassment as a result of pericardial 
effusion. All patients underwent successful aspiration of 
fluid and complete hemodynamic studies, including mea- 
surement of right atrial and ventricular, pulmonary arte- 
rial and wedge, intrapericardial and systemic arterial 
pressures and determination of cardiac output both before 
and after the removal of pericardial fluid. Sixty-four 
patients, 33 men and 31 women, with a mean age of 
50 + 16 years, underwent 65 procedures. The causes of 
pericardial effusion are given in Table I. No patient had 
effusive-constrictive pericarditis.” 
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Fig. 1. Distribution of pericardial aspirate volumes (cc) 
in patients subgrouped on basis of cardiac output depres- 
sion. Median volume was 650 cc. MOD-SEV, Moderate or 
severe. 


Table I. Causes of pericardial effusion (N = 64) 








_ Cause n 
Neoplastic 20 
Uremic 18 
Postoperative 7 
Infectious 5 
Dressler’s 3 
Connective tissue disease 3 
Excessive anticoagulation 1 
Radiation 1 
Unknown 6 





_In both groups, patients with intracardiac shunting or 
obstructive pulmonary disease were excluded. The latter 
diagnosis was based on history and results of physical 
examination, chest x-ray examination, and pulmonary 
function tests if available. However, 7 of the 21 patients 
with neoplastic disease had carcinoma of the lung, and five 
others had evidence of lung metastases. All patients were 
in sinus rhythm. A greater than 10% respiratory variation 
in sinus cycle length or frequent premature ectopic beats 
also precluded inclusion in either group. 

Pericardiocentesis and hemodynamic studies were per- 
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Fig. 2. Values for inspiratory decreases in arterial systo- 
lic pressure before aspiration of pericardial fluid. Left, 
Absolute decrease (ASYST). Right, Absolute decrease 
divided by expiratory systolic pressure (%ASYST). Bro- 
ken lines indicate 95% confidence limit obtained in 
control group. 


formed according to previously described methods." Car- 
diac output was determined by indicator dilution tech- 
niques performed in duplicate for indocyanine green or in 
triplicate for thermodilution. 

Respiratory arterial pressure variations were deter- 
mined from simultaneous recordings of brachial or femo- 
ral arterial pressure, ECGs, and a thermistor output for 
respiratory phase identification. For each respiratory 
cycle, beats with the highest expiratory and lowest inspi- 
ratory systolic pressure were identified. The following 
measurements were made from those beats that repre- 
sented the average values for 5 to 10 consecutive respira- 
tory cycles: (1) Expiratory systolic and diastolic pressure, 
(2) inspiratory systolic and diastolic pressure, (3) pulse 
pressure = systolic minus diastolic pressure, (4) 
ASYST = expiratory minus inspiratory systolic pressure, 
(5) %ASYST = (ASYST/expiratory systolic pressure) 
x 100, (6) APUPR = expiratory minus inspiratory pulse 
pressure, and (7) ADIAST = expiratory diastolic minus 
inspiratory diastolic pressure. Pulse obliteration was 
defined as any inspiratory cycle with a pulse pressure = 5 
mm Hg. Percentage change in cardiac output (%ACO) 
after pericardiocentesis was calculated as (postperi- 
cardiocentesis output — baseline sa cael out- 
put) x 100. 

Statistical analyses were performed by means of Stu- 


Volume 115 
Number 2 


Pulsus paradoxus 393 


Table Il. Respiratory arterial pressure variations in control subjects 
































ASYST ASYST APUPR ADIAST Heart rate Respiratory rate 
Heart disease n (mm Hg) (%) (mm Hg) (mm Hg) (cycles/min) (cycles/min) 
None or minimal 27 6+3 5+2 4+2 2+1 74411 18.1 + 5.3 
More significant 74 623 43+2 4+3 241 76 +17 19.9 + 6.1 
Total 101 643 4+2 443 2+1 75 + 15 19.4 + 5.9 
95% Confidence limit 12 9 10 5 
Table Ill. Changes after pericardiocentesis 
ACO < 20% ACO = 20% 
(n = 24) (n= 4]) 
Before After | Before—after Pp Before After Before—after p 
ASYST Mean 10* 7 3 0.009 30* 10* 20 0.000 
(mm Hg) SD 5 4 4 10 5 ll 
ASYST : Mean 7* 5 1.5 0.005 23* 7* 15 0.000 
(%) SD 2 3 3 9 3 8 
APUPR Mean T 4 3 0.000 26* 5 21 0.000 
(mm Hg) SD 5 4 3 15 3 13 
ADIAST Mean 2 3 0 NS 4* 5* -1 NS 
(mm Hg) SD 2 2 2 4 4 4 
Expiratory systolic pressure Mean 148 142 5 NS 137 141 —4 NS 
(mm Hg) SD 33 30 19 28 29 18 
Cardiac index Mean 3.12 3.21 —0.09 NS 2.42 4.17 —1.75 ~ 
(L/nin/m’) SD 1.28 1.30 0.25 1.02 1.12 0.62 
Heart rate Mean 91 89 2 NS 114 107 7 0.000 
(cycles/min) SD 19 19 7 15 15 9 
Respiratory rate Mean 24.6 23.7 0.9 NS 29.4 28.3 1.1 NS 
(cycles/min) SD 8.8 7.9 7.2 9.8 7.4 9.0 





ADIAST, APUPR, ASYST = Inspiratory decrease in diastolic, pulse, and systolic pressures, respectively; % ACO = percentage change in cardiac output; 
%ASYST = systolic expiratory systolic pressure; After = after pericardiocentesis; before = before pericardiocentesis. 


*For pressure parameters, p < 0.05 vs control. 


dent’s t test for paired or independent means and analysis 
of variance for comparison of more than two groups. 
Values are given as the mean + one standard deviation. 
The 95% confidence limits for respiratory arterial pres- 
sure variations in the patients without pericardial effusion 
were determined both by the mean value plus 1.96 times 
the standard deviation and by the percentile method. In 
whole numbers, there was no disagreement between the 
values obtained by each method. Diagnostic accuracy was 
calculated as true negatives plus true positives/total pop- 
ulation. 


RESULTS 


The 65 patients with pericardial effusion were 
divided into three groups based on the percentage 
increase in cardiac output associated with aspiration 
of pericardial fluid (% ACO). The criterion selected 
to identify patients with tamponade or significant 
hemodynamic embarrassment was an increase of at 
least 20%. This criterion was chosen, in part, 
because successive baseline cardiac outputs in our 


laboratory can vary by up to 18%. There were 24 
patients with increments less than 20%. Nine of the 
remaining 41 patients had an increment of 20% to 
49% and were classified as having mild tamponade. 
Thirty-two patients had moderate or severe tam- 
ponade defined as an increase = 50%. One of the 
patients with uremic pericarditis and tamponade of 
moderate severity (%ACO of 55%) had tamponade 
of the right side of the heart, that is, the elevated left 
ventricular filling pressure was higher than equili- 
brated pericardial and right ventricular filling pres- 
sure with no change in the left ventricular filling 
pressure after pericardiocentesis. 

Fig. 1 shows the distribution of pericardial aspi- 
rate volumes in these three groups. Most aspirates 
were moderate to large in volume; the median 
volume was 650 cc. Tamponade was uncommonly 
associated with effusions less than 400 cc (2 of 41 or 
5%). 

The values for respiratory arterial pressure varia- 
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Fig. 3. Relation between percentage change in cardiac output (%ACQ) and inspiratory decrease in 
arterial systolic pressure (ASYST) before pericardiocentesis. This relationship was better described by 
curvilinear than linear regression. Patients with inspiratory pulse obliteration are indicated by closed 
circles; all had severe tamponade. Single patient with right-heart tamponade is represented by open 
square. Ins puls oblit, Inspiratory pulse obliteration; RT HT Tamp, right-heart tamponade. 


tions obtained in the two subgroups of control 
patients are given in Table II. There was no signifi- 
cant difference in the mean or variance of any 
pressure parameter. Based on the pooled data, the 
95% confidence limit for inspiratory pressure 
decreases in the absence of detectable pericardial 
fluid or significant obstructive pulmonary disease 
was 12 mm Hg for systolic pressure (ASYST), 9% 
for %ASYST, 10 mm Hg for pulse pressure, and 5 
mm Hg for diastolic pressure. Pulsus paradoxus was 
therefore defined as an inspiratory decrease in arte- 
tial systolic pressure exceeding 12 mm Hg or 9% of 
expiratory systolic pressure. 

Fig. 2 shows the values for ASYST and % =SYST 
found in the three subgroups before pericardiocen-: 
tesis. In the 24 patients without tamponade, the 
average values for ASYST and %ASYST before 
pericardiocentesis were significantly higher than 
those in the control group (Table HI). This finding 
was associated with a greater respiratory decrease in 
pulse pressure (APUPR) than in control subjects. 
With fluid aspiration, there was a significant 
decrease in ASYST, % ASYST, and APUPR, so that 
they were no longer significantly different from the 
control group. However, before pericardiocentesis, 
only four patients in this group had a ASYST > 12 
mm Hg and only one had a %ASYST > 9%. After 
pericardial tap, 2 of the 24 patients (8%) had pulsus 
paradoxus defined either as a ASYST > 12 mm Hg 
or a %ASYST > 9%. In one of them, pulsus para- 
doxus was absent before tap. 


Pulsus paradoxus defined as a ASYST > 12 mm 
Hg was present in all patients with tamponade 
except one. This patient had the lowest increase in 
output (21%) among the 41 patients with tampon- 
ade. Because 20 of 24 patients without tamponade 
did not have pulsus paradoxus, the accuracy of 
pulsus paradoxus in excluding or including the 
diagnosis of tamponade was 92% (40 + 20/65). Irre- 
spective of the criterion developed from the control 
group, the maximum accuracy in distinguishing 
between tamponade and no tamponade was 
obtained at a ASYST > 12 mm Hg. When the alter- 
nate or percentage expression for pulsus paradoxus 
was used, only one patient without tamponade had a 
%ASYST > 9%, and only one patient with tampon- 
ade failed to meet the criterion (the patient with 
tamponade of the right side of the heart). The 
accuracy of pulsus paradoxus expressed as a per- 
centage of expiratory systolic pressure in the diagno- 
sis of tamponade was 97% (40 + 28/65). 

A ASYST = 25 mm Hg was found in only one 
patient with no tamponade, one with mild tampon- 
ade, and 26 of the 32 patients with moderate or 
severe tamponade. Of the six patients with more 
than mild tamponade who failed to achieve this level 
of pulsus paradoxus, one had right-sided tamponade 
and the other five were relatively hypotensive, that 
is, their expiratory systolic pressures were less than 
or equal to 120 mm Hg. 

There were 12 patients with tamponade who were 
relatively hypotensive before pericardiocentesis. In 


Volume 115 
Number 2 





o 10 20 


Pulsus paradoxus 395 


o = UREMIC 
= = NEOPLASTIC 
OTHER 


x= 


30 40 60 60 70 80 90 


Fig. 4. Individual changes in ASYST with pericardiocentesis. Value before (PRE) aspiration of fluid is 
shown on horizontal axis; value after (POST) procedure is shown on vertical axis. Dashed sloping line is 


line of identity. LOJ, Line of identity. 


Table IV. Patients with tamponade 








Before pericardiocentesis 





Expiratory 
systolic pressure Exp Syst P Exp PuPr 
(mm Hg) n (mm Hg) (mm Hg) %ACO 
=120 12 109 + 11 44211 99 + 54 
>120 28 146 + 24 66 + 20 83 + 46 
l p —— 0.000 NS 





After—before 


ASYST Exp Syst P Ex PuPr 

(mm Hg) %ASYST (mm Hg) (mm Hg) 

24+ 8 22+ 7 +144 5* 415+ 9* x 

33 + 14 23 + 10 0+ 18 +7 + 14* 
0.04 NS 








Exp Syst P = Expiratory systolic pressure; Exp PuPr = expiratory pulse pressure; other abbreviations as in Table III. 


*p < 0.05. 


Table IV, their hemodynamic parameters are com- 
pared to the remaining patients with tamponade 
exclusive of the patient with right-sided tamponade 
(n = 28). Although severity of tamponade as esti- 
mated by %ACO did not differ significantly, the 
relatively hypotensive patients had significantly less’ 
ASYST. These patients, but not the others, showed 
a significant increase in expiratory systolic pressure 
after fluid was removed. Although both groups 
showed an increase in expiratory pulse pressure, it 
was significantly greater in the hypotensive 
patients. 

Pulsus paradoxus, expressed as a percentage, had 
a maximum accuracy of separating moderate or 
severe tamponade from the other patients with 
effusion at a level of => 15%. At this level, the 
accuracy rate was 91% (29 true positives and 30 true 
negatives). A ASYST => 15% was present in 10 of 


the 11 relatively hypotensive patients with moderate 
or severe tamponade. 

Fig. 3 shows the relationship between the percent- 
age change in cardiac output and the inspiratory 
decrease in arterial systolic pressure (in mm Hg) 
before pericardiocentesis. The relation between 
% ACO and ASYST was better described by curvi- 
linear than linear regression (p < 0.01). However, 
the residual error was substantial, as indicated by 
the relatively large standard error of the estimate. 
Substitution of APUPR for ASYST did not signifi- 
cantly reduce the residual error; there was an excel- 
lent correlation (Pearson’s r = 0.97) between the 
inspiratory declines in arterial systolic and pulse 
pressure. Patients with inspiratory pulse oblitera- 
tion are designated by the closed circles. Pulse 
obliteration was associated with a wide range of 
ASYST, that is, from 15 to 85 mm Hg. Three 
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Fig. 5. Individual values for inspiratory decreases in 
arterial systolic pressure found after pericardial fluid 
aspiration that was as complete as possible. Patients are 
subgrouped according to whether tamponade was absent 
(NO TAMP) or present (TAMP) before aspiration. 
Dashed lines indicate 95% confidence limit obtained in 
control group. 


relatively hypotensive patients with this finding had 
a ASYST less than 25 mm Hg. One of the three had a 
% ASYST < 15%. All 18 patients with at least occa- 
sional pulse obliteration had a percentage increase 
in cardiac output of more than 70% and it was more 
than 100% in nine. 

A ASYST = 25 mm Hg or a %ASYST = 15% in 
patients with relative hypotension or inspiratory 
pulse obliteration was present in 31 of 32 patients 
with moderate or severe tamponade compared to 2 
of 33 with a % ACO less than 50%. The accuracy rate 
of these criteria in identification of at least moderate 
tamponade was 95%. 

The changes in ASYST after aspiration of fluid 
for the two largest etiologic subgroups and the 
remaining patients are shown in Fig. 4. The dashed 
sloping line is the line of identity. After pericardio- 
centesis, 9 of the 41 patients (20%) with tamponade 
had a ASYST>12 mm Hg and nine had a 
%ASYST > 9% (Fig. 5). Patients with tamponade 
had significantly higher respiratory (p < 0.05) and 
heart (p < 0.001) rates than patients without tam- 
ponade both before and after pericardiocentesis 
(Table III). After tap, the average ASYST of the 
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former group was still higher than that in the control 
group. However, this was associated with an exag- 
gerated variation in diastolic but not pulse pressure. 
The exaggerated diastolic pressure variation was 
also present before removal of fluid. After pericardi- 
ocentesis, there was no significant difference in 
APUPR among the patients who previously had 
tamponade, those who previously did not Havs tam- 
ponade, and the control subjects. 


DISCUSSION 


The presence of cardiac tamponade implies that 
fluid in the pericardial space has resulted in hemo- 
dynamic embarrassment. When accumulation ol 
pericardial fluid occurs, venous pressure rises tc 
maintain cardiac filling in spite of the increased 
stiffness resulting from the increase in total pericar- 
dial volume (consisting of the heart and intraperi- 
cardial volumes). When this compensatory mecha- 
nism is no longer able to maintain basal levels oi 
diastolic filling, stroke volume decreases." An 
increase in venous pressure unattended by a 
decrease in stroke volume certainly constitutes a 
change in cardiac performance, but whether it con- 
stitutes hemodynamic “embarrassment” is open to 
question. In this study, we used depression of cardi- 
ac output to define embarrassment and our defini- 
tion of tamponade must be understood in this light. 
To be confident that individual increases in cardiac 
output were not due to methodologic error, we chose 
an increment of at least 20% to identify tamponade. 
It is recognized that this choice is arbitrary. Yet, this 
view of tamponade suggests that a broader clinical 
question than the dichotomous presence or absence 
of tamponade may be posed. This question is, 
“What is the degree of hemodynamic embarrass- 
ment?” 

The amount of the inspiratory decline in arterial 
systolic pressure is clearly useful in answer to this 
question. Based on the control population, the 
upper limit for the inspiratory decrease in arterial 
systolic pressure was 12 mm Hg or 9% of the 
expiratory systolic pressure. Pulsus paradoxus was 
therefore defined as inspiratory declines more than 
these values. Irrespective of the control group, these 
values provided the most accurate separation of 
patients with and without tamponade. Despite the 
fact that patients without significant hemodynamic 
impairment showed an increased inspiratory 
decrease in arterial systolic pressure attributable to 
pericardial effusion, the vast majority of these 
patients did not meet the criteria for pulsus para- 
doxus. Inasmuch as the presence of pulsus paradox- 
us was almost a universal finding in tamponade, the 
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absence of pulsus paradoxus is strong evidence 
against significant hemodynamic impairment. An 
exception may exist in patients with preexistent left 
ventricular dysfunction” * when the effusion has 
resulted in pericardial pressure equilibrating with 
right but not with an elevated left ventricular filling 
pressure. In our series, there was only one patient 
who met the criteria for tamponade of the right side 
of the heart; therefore, the hypothesis could not be 
tested. 

Our ability to show minor but definite increases in 
ASYST before the development of significant cardi- 
ac output depression suggests that hemodynamic 
changes attributable to the effusion may be present 
in most patients with sizable amounts of fluid in 
the pericardial space. These data support the find- 
ings of Wayne et dl., who have reported exaggerat- 
ed respiratory variations in left ventricular ejection 
time among patients with pericardial effusion but 
without clinical evidence of tamponade. These find- 
ings suggest that hemodynamic embarrassment 
associated with sizable pericardial effusions or car- 
diac tamponade is a continuum rather than an “all 
or none” phenomenon as we have previously sug- 
gested." The hemodynamic data to support this 
hypothesis will be presented in another report from 
our laboratory. 

If pulsus paradoxus is present in a patient with a 
pericardial effusion of more than minimal size, then 
the clinical aim will likely be to distinguish mild 
from more severe hemodynamic impairment. A pul- 
sus paradoxus = 25 mm Hg suggests that the latter 
is present. However, there appears to be a group of 
patients in whom hemodynamic impairment 
becomes severe enough to result in both a decrease 
in expiratory systolic pressure and the amount of 
absolute pulsus paradoxus. In such patients, the 
amount of absolute (i.e., ASYST in mm Hg) pulsus 
paradoxus may Sverlan with the values found in 
mild tamponade. For these relatively hypotensive 
patients, the % ASYST should be used to estimate 
the severity of hemodynamic compromise. A 
%ASYST = 15% suggests moderate or severe 
impairment. Inspiratory pulse obliteration indicates 
severe hemodynamic compromise whatever the 
observed level of pulsus paradoxus. When these 
criteria are combined, they distinguish moderate or 
severe impairment from lesser grades with a high 
degree of accuracy. 

Recently, the accuracy of Salus paradoxus in the 
diagnosis of cardiac tamponade has been called into 
question by Singh et al.“ In a study of 21 patients 
with pericardial effusion, they reported a 76% rate 
of diagnostic accuracy for pulsus paradoxus in con- 
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trast to 95% for echocardiographic right ventricular 
diastolic collapse. Based on the data from the 
present study, there appears to be no significant 
difference in the accuracy of pulsus paradoxus ver- 
sus that reported for the echocardiographic finding. 
However, our study population did not contain 
patients in shock as a result of tamponade. In this 
situation, pulsus paradoxus may be absent while 
right ventricular diastolic collapse is grossly evi- 
dent. 

The range for the inspiratory decrease in systolic 
pressure in the absence of pericardial effusion was 


‘not established in a truly normal population. The 


population consisted primarily of patients with car- 
diac disease. Therefore, the results from our study 
do not preclude that 10 mm Hg may represent the 
truly upper normal limit. It is questionable, howev- 
er, whether a normal population represents an 
appropriate standard for acutely ill patients who 
frequently have underlying cardiac disease. After 
pericardiocentesis, approximately 17% of the 
patients continued to have pulsus paradoxus. How- 
ever, it was generally found in patients who previ- 
ously had tamponade. Although the greater inspira- 
tory decrease in arterial systolic pressure may have 
been due to incomplete relief of tamponade, another 
potential explanation is hyperpnea associated with 
relatively acute illness. The latter is supported by 
the exaggerated respiratory variation in diastolic 
préssure found in these patients.°1*!’ The values 
found for pulsus paradoxus after aspiration of fluid 
overlapped those found in mild tamponade and do 
not alter our basic conclusion. The absence of pulsus 
paradoxus militates against significant hemodynam- 
ic compromise, whereas a paradoxus = 25 mm Hg 
or = 15% accurately distinguishes moderate or 
severe tamponade from lesser degrees of impair- 
ment. ; 


The authors wish to gratefully acknowledge the secretarial 
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DESCRIPTION—ISOVUE (iopamidol injection) is a nonionic radiopaque contrast me- 
dia for diagnostic use. The formulations are stable, aqueous, sterile, and nonpyrogenic 
solutions for intravascular administration. Each mL of ISOVUE-200 (iopamidol injec- 
tion 41%) provides 408 mg iopamidol with 1 mg tromethamine and 0.26 mg edetate 
calcium disodium. The solution contains approximately 0.029 mg (0.001 mEq) so- 
dium and 200 mg organically bound iodine per mL. Each mL of ISOVUE-300 (iopamidol 
injection 61%) provides 612 mg iopamidol with 1 mg tromethamine and 0.39 mg edetate 
calcium disodium. The solution contains approximately 0.043 mg (0.002 mEq) so- 
dium and 300 mg organically bound iodine per mL. Each mL of ISOVUE-370 (iopamidol 
injection 76%) provides 755 mg iopamidol with 1 mg tromethamine and 0.48 mg edetate 
calcium disodium. The solution contains approximately 0.053 mg (0.002 mEq) so- 
dium and 370 mg organically bound iodine per mL. The pH has been adjusted to 6.5 to 
7.5 with hydrochloric acid. 

CONTRAINDICATIONS—None. 


WARNINGS—Use caution in patients with severely impaired renal function, combined 
renal and hepatic disease, or anuria, particularly when larger doses are administered. 
Radiopaque diagnostic contrast agents are potentially hazardous in patients with mul- 
tiple myeloma or other paraproteinemia, particularly in those with therapeutically re- 
sistant anuria. It has been speculated that the combination of the contrast agent and 
dehydration may be causative of anuria in myelomatous patients. This risk is not a 
contraindication; however, special precautions are required. Contrast media may pro- 
mote sickling in individuals who are homozygous for sickle cell disease when injected 
intravenously or intraarterially. Administration to patients known or suspected of hav- 
ing pheochromocytoma should be performed with extreme caution. If the possible 
benefits outweigh the considered risks, the procedures may be performed; however, 
the amount of the medium injected should be kept to an absolute minimum. Assess 
blood pressure throughout the procedure and have measures for treatment of a 
hypertensive crisis available. Monitor such patients very closely. Use caution in pa- 
tients with hyperthyroidism or with an autonomously functioning thyroid nodule be- 
cause of risk of thyroid storm. 


PRECAUTIONS: General—Diagnostic procedures should be carried out under the 
direction of personnel with the prerequisite training and a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available for 
coping with any complication of the procedure, or for emergency treatment of severe 
reaction to the agent itself. After parenteral administration, competent personnel and 
emergency facilities should be available for at least 30 to 60 minutes since severe 
delayed reactions may occur. Preparatory dehydration is dangerous and may con- 
tribute to acute renal failure in susceptible patients. Patients should be well hydrated 
prior to and following administration. Reactions to the medium, including serious, life- 
threatening, fatal, anaphylactoid or cardiovascular reactions, should always be con- 
sidered (see ADVERSE REACTIONS in the product package insert). Patients at 
increased risk include those with a history of a previous reaction to a contrast me- 
dium, a known sensitivity to iodine per se, and a known clinical hypersensitivity (bron- 
chial asthma, hay fever, and food allergies). Pretesting cannot be relied upon to predict 
severe reactions and may itself be hazardous for the patient. A thorough medical 
history with emphasis on allergy and hypersensitivity prior to the injection of any 
contrast medium may be more predictive and accurate than pretesting. Premedication 
with antihistamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. General anesthesia may be indicated in some 
procedures in selected patients; however, a higher incidence of adverse reactions 
has been reported in anesthetized patients, which may be attributable to the inability 
of the patient to identify untoward symptoms, or to the hypotensive effect of anesthe- 
sia which can reduce cardiac output and increase the duration of exposure to the 
agent. Even though the osmolality is low compared to diatrizoate or iothalamate based 
ionic agents of comparable iodine concentration, the potential transitory increase in 
the circulatory osmotic load in patients with congestive heart failure requires caution 
during injection. Observe these patients for several hours following the procedure. In 
angiographic procedures, be aware of the possibility of dislodging plaques or dam- 
aging or perforating the vessel wall during catheter manipulations and contrast me- 
dium injection. Test injections to ensure proper catheter placement are suggested. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis 
have been shown, in vitro, to be less than ionic contrast media at comparable concen- 
trations. For this reason, standard angiographic procedures should always be followed: 
angiographic catheters should be flushed frequently, and prolonged contact of blood 
with contrast in syringes and catheters should be avoided. Perform selective coronary 
arteriography only in those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pulmonary em- 
physema must be weighed against the necessity for performing this procedure. 
Angiography should be avoided whenever possible in patients with homocystinuria, 
because of the risk of inducing thrombosis and embolism. 

In addition to the general precautions previously described, special care is required 
when venography is performed in patients with suspected thrombosis, phlebitis, severe 
ischemic disease, local infection or a totally obstructed venous system. 

Extreme caution during injection of contrast media is necessary to avoid extravasa- 
tion and fluoroscopy is recommended. This is especially important in patients with 
severe arterial or venous disease. 


Drug Interactions—Renal toxicity has been reported in a few patients with liver dys- 
function who were given oral cholecystographic agents followed by intravascular con- 
trast agents. Administration of intravascular agents should therefore be postponed in 
any patient with a known or suspected hepatic or biliary disorder who has recently 
received a cholecystographic contrast agent. Other drugs should not be admixed 
with iopamidol. 


Drug/Laboratory Test Interactions—PB! and radioactive iodine uptake studies will 
not accurately reflect thyroid function for up to 16 days following administration, how- 
ever T3 resin uptake and total or free thyroxine (T4) assays are not affected. Any test 
which might be affected by contrast media should be performed prior to administra- 
tion of the contrast media. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—in animal reproduction stud- 
ies performed on rats, intravenously administered iopamidol did not induce adverse 
effects on fertility or general reproductive performance. in studies to determine muta- 
genic activity, iopamidol did not cause any increase in mutation rates. 


Pregnancy Category B—No teratogenic effects attributable to iopamidol have been 
observed in teratology studies performed in animals. There are, however, no ade- 
quate and well controlled studies in pregnant women. It is not known whether iopamidol 
crosses the placental barrier or reaches fetal tissues. Because animal studies are not 
always predictive of human response, this drug should be used during pregnancy 
only if clearly needed. Radiologic procedures involve a certain risk related to the 
exposure of the fetus to ionizing radiation 


Labor and Delivery—It is not known whether use during labor or delivery has immedi- 
ate or delayed adverse effects on the labor, the delivery or the newborn 
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Diagnostics 


Nursing Mothers—It is not known whether iopamidol is excreted in human milk. Use 
caution when contrast media are administered to nursing women because of poten- 
tial adverse reactions; consideration should be given to temporarily discontinuing 
nursing. 

Pediatric Use—Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS— Usually mild to moderate, self-limited and transient. In angio- 
cardiography (597 patients), the adverse reactions with an estimated incidence of one 
percent or higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; brady- 
Cardia 1.3%; hypotension 1.0%; hives 1.0%. Intravascular injection is frequently associ- 
ated with the sensation of warmth and pain, especially in peripheral arteriography and 
venography; pain and warmth are less frequent and less severe with ISOVUE (iopamidol 
injection) than with diatrizoate meglumine and diatrizoate sodium injection. The follow- 


ing table of incidence of reactions is based on clinical studies with ISOVUE in about 
1941 patients. 


Adverse Reactions 


Estimated Overall Incidence 
System > 1% <1% 





Cardiovascular none tachycardia 

hypotension 
hypertension 
myocardial ischemia 
circulatory collapse 

S-T segment depression 
bigeminy 

extrasystoles 

ventricular fibrillation 
angina pectoris 
bradycardia 

transient ischemic attack 
thrombophlebitis 


pain (2.8%) vasovagal reaction 
burning sensation (1.4%) tingling in arms 
grimace 
faintness 


Nervous 


Digestive nausea (1.2%) vomiting 


anorexia 


Respiratory none throat constriction 
dyspnea 


pulmonary edema 


Skin and Appendages none rash 
urticaria 
pruritus 
flushing 


headache 

fever 

chills 

excessive sweating 
back spasm 


taste alterations 

warmth in throat/arms/chest 
nasal congestion 

visual disturbances 


Urogenital none urinary retention 


Regardless of the agent employed, overall estimated incidence of serious adverse 
reactions is higher with coronary arteriography than with other procedures. Cardiac 
decompensation, serious arrhythmias, or myocardial ischemia or infarction may oc- 
cur during coronary arteriography and left ventriculography. Following coronary and 
ventricular injections, certain electrocardiographic changes (increased QTc, increased 
R-R, T-wave amplitude) and certain hemodynamic changes (decreased systolic pres- 
sure) occurred less frequently with ISOVUE (iopamidol injection) than with diatrizoate 
meglumine and diatrizoate sodium injection; increased LVEDP occurred less frequently 
after ventricular iopamidol injections. In aortography, the risks of procedures also 
include injury to the aorta and neighboring organs, pleural puncture, renal damage 
including infarction and acute tubular necrosis with oliguria and anuria, accidental 
selective filling of the right renal artery during the translumbar procedure in the pres- 
ence of preexisting renal disease, retroperitoneal hemorrhage from the translumbar 
approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myelitis. Adverse effects reported in literature include arrhythmia, arterial 
spasms, hematuria, periorbital edema, involuntary leg movement, malaise, and 
triggering of deglutition; some of these may be procedural. Other reactions due to 
procedural hazards include hemorrhage or pseudoaneurysms at the puncture site, 
brachial plexus palsy following axillary artery injections, chest pain, myocardial 
infarction, and transient changes in hepatorenal chemistry tests; and rarely arterial 
thrombosis, displacement of arterial plaques, venous thrombosis, dissection of the 
coronary vessels and transient sinus arrest. 


General Adverse Reactions To Contrast Media—Reactions known to occur with par- 
enteral administration of iodinated ionic contrast agents (see the listing below) are 
possible with any nonionic agent. Life-threatening reactions and fatalities, mostly of 
cardiovascular origin, have occurred. Reported inciden es of death from the admin- 
istration of other iodinated contrast media range from 6.6 per 1 million (0.00066%) to 1 
in 10,000 patients (0.01%). Most deaths occur during injection or 5 to 10 minutes later, 
the main feature being cardiac arrest with cardiovascular disease as the main aggra- 
vating factor. Isolated reports of hypotensive collapse and shock (est. 0.005%) are 
found in the literature. Experience with iopamido!l suggests there is much less dis- 
comfort (e.g., pain and/or warmth) with peripheral arteriography. Fewer changes are 
noted in ventricular function after ventriculography and coronary arteriography. The 
reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that for the general population; patients with a history of previous 
reactions to a contrast medium are three times more susceptible. Most reactions to 
intravascular contrast agents appear within 1-3 minutes after the start of injection, but 
delayed reactions may occur (see PRECAUTIONS, General). Adverse reactions 
reported with other intravascular contrast agents and theoretically possible with 
iopamidol include: Cardiovascular: vasodilation, cerebral hematomas, petechiae; Nerv- 
ous: paresthesia, dizziness, convulsions, paralysis, coma; Respiratory: increased 
cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, rhinitis; Skin 
and Appendages: injection site pain usually due to extravasation and/or erythematous 
swelling, skin necrosis; Urogenital: osmotic nephrosis of proximal tubular cells, renal 
failure, pain; Special Senses: bilateral ocular irritation; !acrimation; conjunctival 
chemosis, infection, and conjunctivitis; Other: neutropenia, thrombophlebitis, flushing, 
pallor, weakness, severe retching and choking, wheezing, cramps, tremors, and 
sneezing 


For full prescribing information consult package insert. (J3-652E) 
Under ‘icense from Bracco Industria Chimica S.p.A. U.S. Patent #4,001,323 


Body as a Whole hot flashes (1.5%) 


Special Senses warmth (1.1%) 
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Although coronary artery atherosclerosis is the 
predominant cause of myocardial ischemia, two addi- 
tional mechanisms can be responsible for significant 
ischemic syndromes: coronary vasospasm and myo- 
cardial bridging. The management of these alterna- 
tive ischemia-provoking mechanisms differs from that 
of more common “fixed” coronary artery obstructive 
disease in several regards; indeed, some drugs that 
are effective in the latter may worsen the symptoms in 
these “dynamic” coronary obstructive syndromes. 
Similarly, drugs that are effective in one type of 
“dynamic” coronary stenosis may be ineffective or 
may actually worsen the other type because patho- 
genetic mechanisms differ. It is important to note also 
that two or more causes of myocardial ischemia may 
coexist and that therapy aimed at one condition may 
worsen the other(s). 


Coronary vasospasm (Prinzmetal’s variant angina) 
should be suspected when anginal episodes occur 
almost exclusively at rest; it can be confirmed by 
demonstrating ST segment elevation during sponta- 
neous, self-limited episodes of chest pain. Although 
pain during exercise is uncommon in patients with 
Prinzmetal’s variant angina, pain during recovery 
from exercise may suggest vasospasm. Significant 
morbidity—including life-threatening arrhythmias (ven- 
tricular tachycardia, ventricular fibrillation, and atrio- 
ventricular block), myocardial infarction, and sudden 
death—can occur during episodes of variant angina. 
Coronary arteriography is frequently of value in cases 
of suspected variant angina to rule out or to define the 
extent of concomitant coronary obstructive disease. 
in some instances, pharmacological provocation of 
coronary vasospasm with ergonovine maleate may 
be useful during coronary arteriography to confirm 
that vasospasm reproduces the symptoms and ECG 
changes and to demonstrate the extent and distribu- 
tion of the region(s) of coronary vasospasm. 


Therapy of Prinzmetal’s variant angina attempts to i 
dilate or alternatively to prevent narrowing of the 
epicardial coronary arteries by use of coronary vaso- 
dilators {nitrates and calcium channel blockers) and 
by avoidance of potential spasm-provoking influences 
(smoking and unopposed alpha adrenergic tone # 
induced by beta blockers). 


Myocardial bridging occurs when a coronary artery 
courses intramyocardially for some distance (gen- 
erally 1 cm to 3 cm) before returning to the epicardial 
surface. This anomaly—found in 1% to 5% of patients 
undergoing coronary angiograoghy—is suspected when 
an epicardial coronary artery narrows during systole. 
it is more common in patients who have left ventricular 
pressure overload or in whom the ventricle is hyper- 
kinetic (aortic stenosis, systemic hypertension, and 
hypertrophic cardiomyopathy). This systolic narrow- 
ing is generally not thought to be responsible for 
myocardial ischemia because 75% to 95% of coronary 
blood flow occurs during diastole, when these arte% 
ies resume their normal caliber. Recent data suggest, 
however, that severe narrowing due to myocardial 
bridging may play a role in the production of angina 
pectoris, myocardial infarction, and sudden death. 
The degree of systolic narrowing is increased by 
vasodilators or by agents that increase contractility 
of the left ventricle. 


Chest pain associated with myocardial bridging may 
be unrelated to exertion. Because there may or may 
not be ST segment depression demonstrated on exer- 
cise, there is overlap with the clinical manifestations 
of Prinzmetal’s variant angina and coronary athero- = 
sclerosis. Radionuclide ventriculography and thalliurr 
scintigraphy variably show exercise-induced abnor; 
malities of wall motion or myocardial perfusion. Thera 
consists of reducing myocardial contractility with beta 
blockers and avoiding vasodilators that may induce 
reflex increases in myocardial contractility. 


The two dynamic forms of coronary stenosis may 
have a pathophysiologic connection. Intraoperatively, 
tactile stimulation of an epicardial artery in a patient 
with Prinzmetal’s angina may precipitate spasm, and 
these patients have an increased predilection for 
catheter-induced spasm during coronary arteriograph 
Thus, vigorous contraction of a myocardial bridge 
could provide sufficient stimulation to induce 

arterial spasm. 


illustrative Case History 

A 59-year-old woman was well until three weeks prior! 
to hospital admission when she developed paroxysmal; 
nocturnal chest heaviness that woke her from sleep. 
The chest tightness radiated to the left arm and neck, 
was associated with diaphoresis, and was relieved 
either by sitting up or by walking for five to six 
minutes. After a prolonged episode that lasted 20 
minutes, the patient was admitted to the hospital. 


On hospital admission, physical examination, chest 
x-ray, and 12-lead ECG were normal. An echocardio- 
gram revealed hyperdynamic left ventricular function. 
but was otherwise normal. There was no electrocar-y 
diographic or enzymatic evidence of myocardial infarc- 
tion during 48 hours of observation. The patient did 
have one episode of chest pain that was relieved by 
sublingual nitroglycerin. She then underwent cardiac 
catheterization. 
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Echocardiographic imaging of the left ventricle 
by peripheral intravenous injection of echo- 


contrast agent 


With the use of a new echo contrast agent (ECA) that consists of a suspension with 
microbubbles (100% <3,.9 um in a moving system), we were able to opacify the left ventricle by 
peripheral intravenous injection in 124 of 130 patients (95%) without shunt connection. In 12 
patients with aortic valve disease we measured the opacification of the right and left ventricles 
videodensitometrically by means of increasing doses. Dose 1 (8.7 ml ECA) and dose 4 (50 ml 
ECA) led to no significant difference in intensity in the right ventricle (168 + 32 vs 184 + 16 
units, respectively; p > 0.05); however, opacification of the left ventricle was significantly more 
evident after dose 4 (60 + 60.vs 88 + 62 units, respectively; p <0. 05). On the basis of the 
farthest distance reached by the regurgitant microbubbles from the aortic valve, the severity of 
regurgitation was graded ona four-point scale; the results were compared with those of 
aortography. A significant correlation (r = 0.98, n = 9) was found between ECA grading and 
aortography in the evaluation of the severity of aortic insufficiency. In addition, flow 
characteristics in patients with mitral stenosis, aortic insufficiency, and the regurgitation jet In 
incompetent aortic prosthesis in connection with diastolic inflow over the mitral valve were 
described. Moreover, it was possible to differentiate between inflow of ECA into the left atrium 
via an atrial septal defect and across the pulmonary vascular bed. No adverse effects were 
reported by the patients. Left ventricular end-diastolic volume index, end-systolic volume index, 
stroke volume index, and ejection fraction were determined before and after intravenous 
injection of increasing doses of ECA by means of the area-length method of Sandler and 
Dodge." Even after dose 4 we observed no significant changes in left ventricular function. The 
values before and after injection were in the range of Intra- and Interobserver reproducibility. 
Only. three patients reported a slight taste sensation. In nine patients with a à history of allergies 


there were no side effects. (Am HEART J 1988;115:399.) 


Klaus Berwid M. D., and Martin Schlepper, M.D., F. C.C.P. 


Bad Nauheim, Federal Republic of Germany 


Since its introduction by Gramiak et al.’ in 1969, 
contrast echocardiography has become a well-estab- 
lished method for diagnosing cardiac diseases. 
Important information is obtained through intrave- 
nous injection of echo contrast agent (ECA) in the 
diagnosis of diseases of the right side of the heart, 
including atrial and ventricular septal defects, and 
in the diagnosis of diseases of the left side of the 
heart. However, left-sided heart diseases require the 
insertion of left ventricular catheters or the use of 
catheters in either the pulmonary wedge** or the 
distal pulmonary artery position.’ l 
Efforts have been made to find an appropriate 
ECA that is stable, nontoxic, and contains micro- 
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bubbles of air or other gases in sufficient concentra- 
tions. The microbubbles should be smaller than 8 
um so they can cross the pulmonary vascular bed.® 
Furthermore, the shelf life of the microbubbles 
should be long enough to allow time for them to 
traverse the pulmonary vessels when they are 
injected intravenously. In our previous study? the 
typical crossing of ECA through the lungs was 
described in normal subjects, as well as the flow 
characteristics of microbubbles in incompetent 
mitral valve prostheses. 

In addition to visualization of the left side of the 
heart, this report mainly deals with the safety and 
side effects of the contrast material in a cohort of 
130 patients with various cardiologic conditions. 
Assessment of the severity of aortic valve incompe- 
tence was also attempted, and the results were 
compared with those obtained by conventional aor- 


tography. 
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Table I. Characteristics of 130 patients involved in the 
study 








Characteristics No. 
Mitral valve disease 12 
Aortic valve disease 15 
Combined mitral and aortic valve disease 8 
Mitral and/or aortic valve prothesis 21 
Coronary heart disease 10 
Congestive cardiomyopathy : 11 
Hypertrophic cardiomyopathy 4 
Pacemaker patients 2 
Rhythm disturbances 5 
Surgical repair of atrial or ventricular septal 12 

defect 

Mitral valve prolapse 3 
Normal subjects 6 
Myocarditis 3 
Thrombi in atrium or ventricle 3 
Primary pulmonary hypertension 3 
Other heart diseases (amyloidosis, cor pulmonale, _12 


pericarditis constrictiva, tricuspid valve 
prolapse) 
Total 130 





METHODS 


Patient selection. A total of 130 patients. who, for 
various reasons, had to undergo cardiologic examinations 
were echocardiographically assessed. There were 86 men 
and 44 women with a mean age of 56 years {range 16 to 78 
years). Table I shows the subgroups with different cardiac 
conditions including six patients with negative pathologic 
findings. We included all patients from whom good echo- 
cardiographic images were obtained. Twenty-seven of 157 
patients (17%) were excluded from echocardiographic 
study because of insufficient imaging in the apical view. 
Before the study was begun patients were informed as to 
the methods and aims of the investigation. Each patient 
gave informed written consent. The study was approved 
by the Human Use Committee of the Kerckhoff Clinic. All 
ingredients in the ECA were substances that are autho- 
rized for intravenous use in West Germany. 

ECA. We used a carrier substance, Gelifundol (Table 
II), which is a commercially available agent (Biotest 
Pharma, West Germany) that. consists of 5.5% oxypolyge- 
latine. It is widely used outside the United States as a 
plasma substitute. Administration of Gelifundol leads to 
an increase in circulating plasma volume, to stability of 
blood suspension, and to improvement in. capillary circu- 
lation. Gelifundol cannot be used as an ECA because it is 
subject to segregation within 1 minute after being mixed 
with oxygen. 

For this we attempted stabilization of the carrier solu- 
tion-air mixture, a solution consisting of lecithin and 
oleum sojae fractionate (Intralipid 20%, commercially 
available, Table II). Because of their bipolar structure 
these glycerin phosphatides are important emulgents and 
diluents. Intralipid is used for intravenous nourishment. 
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Table Il. Contents of ECA 





Dose Contents 


Dose 1 5.0 ml Gelifundol 
+3.0 ml Intralipid 20% 
0.2 ml Ferrlecit 


+0.5 ml air 
=8.7 ml 


10.0 ml Gelifiindol 
+6.0 ml Intralipid 20% 
+0.4 ml Ferrlecit 

+1.0 ml air 


Dose 2 


=17.4 ml 


18.0 ml Gelifundol 
+8.0 ml Intralipid 20% 
+1.0 ml Ferrlecit 

+1.5 ml air 


Dose 3 


=28.5 ml 


30.0 ml Gelifundol 

+15.0 ml Intralipid 20%) 
+2.0 ml Ferrlecit 

+3.0 ml air 


Dose 4 





=50.0 ml 





Gelifundol = Oxypolygelatin, 5.5% in physiologic electrolyte solution. 
Intralipid 20% = In 1000 ml: oleum sojae fractionat, 200.0 gm, lecithinum 
fractionat e vitello ovi, 12.0 gm; glycerolum USP, 22.5 gm; aqua ad 
injectabilia ad, 1000.0 ml. 

Ferrlecit = In 5 ml: sodium-iron (III) gluconate complex, 62.5 mg. 


To increase the-stability of the microbubbles, that is, to 
keep them very small for at least 5 minutes, we used small 
quantities of a commercially available sodium-iron (III)- 
gluconate complex (Ferrlecit, Table II). Ferrlecit is used 
for treatment of iron deficiency. : 

The doses of ECA are shown in Table IL The solutions 
were distributed into two syringes, and were moved 
backward and forward through a three-way stopcock at 
least 30 times. The osmolality of the solution was 345 
mosmol/kg. The: solutions were examined under a light 
microscope to ensure that more than 99% of the airbub- 
bles were smaller than 5 um. Afterward, we assessed the 
size of the microbubbles in both fixed and moving systems 
by means of a laser particle sizer (Malvern laser particle 
sizer, 3 600 E type). The solution was suspended manually 
or by ultrasound (50,000 Hz) in a moving system (Table 
Tip. ; 

Peripheral intravenous injection. We routinely used a 
17-gauge, 45 mm intravenous Teflon cannula (Vasofix) 
that was inserted into an antecubital vein of the right or 
left arm. The Teflon cannula was connected with a 
three-way stopcock (Discofix-3). After rapid injection of 
ECA (4 ml/sec), 10 ml of 0.9% sodium chloride was 
injected by turning the three-way stopcock to ensure that: 
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kK 
- I H Il IV 
ANGIOGRAPHIC GRADE 
Fig. 1. Severity of aortic regurgitation determined by ECA four-point grading scale compared to results 
obtained by aortography. Note high correlation between results of the two methods. Correlation 
coefficient was 0.98 (Spearman’s rank correlation method). Severity of regurgitation by ECA was 
determined by farthest distance from aortic valve reached by regurgitant microbubbles, as shown in 
schema on the right. LV, Left ventricle; MV, mital valve; LA, left atrium; AV, aortic valve. 
Table lil. Size of microbubbles using laser 
Fixed system Moving system Moving system 
manually suspended manually suspended suspended by ultrasound* 
dae smaller than (um) % Bubbles (um) % Bubbles (um) % Bubbles 
6A - 10 3.9 100 5.0 100 
5.0 99.7 3.0 | 99.8 3.9 99.9 
3.9 95.0 2.4 98.2 3.0 96.9 
3.0 62.3 1.9 91.8 2.4 88.4 
2.4 24.6 1.5 71.5 1.9 TL1 
1.9 14.1 1.2 66.7 1.5 59.6 
1.5 11.0 1.2 42.1 
1.2 10.4 
*50,000 Hz. 





. (1) ECA was injected as a bolus and (2) to release the veins 
ahead of the right ventricle from the ECA, to avoid an 
uncontrolled slow inflow of ECA into the right ventricle. 
Thus, ECA that had been washed out of the right ventricle 
could be measured. Dose 4 was easily injected as a bolus, 
as practiced in cardiac ventriculography. 

Angiographic grading of severity of aortic regurgita- 
tion. The angiographic severity of aortic regurgitation was 
graded, by an investigator who had no knowledge of the 
ultrasound findings, according to the following grading 
system”: I = faint opacification of the left ventricle in 
diastole that cleared with each beat and never filled the 
ventricular chamber; H = opacification of the entire 
chamber to a lesser degree than that in the aorta; 
Ill = left ventricular opacification that was equal in den- 
sity to opacification of the aorta; IV = complete opacifica- 
tion of the left ventricle on the first beat to a greater 
degree than that in the aorta. 





ECA method for grading aortic regurgitation. Fig. 1 
shows the contrast echocardiographic grading of aortic re- 
gurgitation. The distance between the aortic valve and the 
apex was divided into four equal segments, and the maxi- 
mum distance of regurgitant microbubbles from the aortic 
valve determined the degree of aortic regurgitation. 

Two-dimensional echocardiography. A commercially 
available Hewlett-Packard phased-array sector scanner 
(model 77020 A) with a 3.5 MHz transducer was used to 
perform the echocardiographic studies. Two-dimensional 
echocardiographic images were recorded on a Panasonic 
AG 6 200 videotape. This videotape was also used to 
review the studies in slow motion (30 pictures/1 sec) and 
in real-time mode. Images were obtained in the apical 
two-, four-, and five-chamber (with aorta) views in stan- 
dard transducer positions. Quantitative echocardiograph- 
ic analyses were performed by means of a commercial 
computerized system (Kontron Mipron). 
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Table IV. Changes in heart rate and blood pressure before and after injection of ECA 





Heart rate 
Dose Before After 
1 73415 72 + 15 
(n = 121) 
2 71 J4 71+ 15 
(n = 56) 
3 73 +16 T71 +15 
(n = 80) 
4 75 + 13 76 +13 
(n = 20) 
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RR systole (mm Hg) 


p Value Before 
>0.01 117 + 15 
>0.01 118 + 15 
<0.01 116 + 14 
>0.01 117 + 16 





Before 
72418 
75 + 12 


71+ 18 


T4412 


RR diastole (mm Hg) 


After p Value 
116 + 14 >0.01 
(n = 29) : 

119 = 15 >0.01 
(n = 25) 
118 + 15 <0.05 
(n = 24) 
118 + 17 >0.01 
{n = 15) 





After p Value 
72 + 18 >0.01 
(n = 29) 

74418 >0.01 
(n = 25) 
72414 >0.01 
(n = 24) 
75 +13 >0.01 
(n = 15) 


Table V. Reproducibility of duplicate measurements by two-dimensional echocardiographic left ventricular function 








EDVI (ml/m’) 
ESVI (ml/m?) 
SVI (ml/m’) 
LVEF (%) 


EDVI (ml/m’) 
ESVI (ml/m?) 
SVI (ml/m’) 
LVEF (%) 


0.95 
0.97 
0.86 
0.85 


Slope 


Intercept 


Intraobserver reproducibility 


0.86 - 
0.95 
0.79 
1.02 


7.26 
2.79 
3.93 
—2.85 


Interobserver reproducibility 


0.85 
0.95 
0.80 
1.03 


7.40 
3.13 
3.89 
—3.31 





SEE 


11.61 
9.31 
7.17 
9.70 


12.10 
9.71 
7.73 

10.57 


Mean error (%} 


0+ 19 
5 + 26 
4+ 38 
5 + 24 


2 + 20 
5 + 27 
5 + 40 
6 + 25 








EDVI = End-diastolic volume index; ESVI = end-systolic volume index; SVI = stroke volume index; LVEF = left ventricular ejection fraction; r = corre- 


lation coefficient; SEE = standard error of the estimate. 


Table VI. Effects of intravenous injection of different doses of ECA on left ventricular function 








EDVI (ml/m?) ESVI (ml/m?) 
Dose Before After P Before After 
1(@m=121) 68+49 65+45 NS 34439 33+36 
2 (n = 56) 67 +48 67+44 NS 33440 34+ 38 
3 (n = 80) 74247 73+53 NS 40443 39+ 47 
4 (n = 20) 72*47 #71450 NS 42445 42+ 43 





SVI (ml/m?) LVEF (%) 

p Before After p Before After p 
NS 34+19 32+17 NS 55+18 54+17 NS 
NS 33+14 88+14 NS 57+16 57+16 NS 
NS 84+16 35+19 NS 654+20 54+20 NS 
NS 383417 34+20 NS 55+17 55+16 NS 





Values are mean + standard deviation. 


p = Probability; NS = not statistically significant (p > 0.05) relative to preinjection value; other abbreviations as in Table V. 


Single end-diastolic echocardiographic stop frames, as 
indicated by the initial upslope of the R wave on an 
accompanying ECG, were digitized with an arbitrary 
linear 256-step brightness scale with maximum and mini- 
mum brightness set to 256 and 0, respectively. Densito- 
metric profiles were measured in a 15 X 15 pixel region in 
the right and left ventricular cavities. 

To identify possible side effects we estimated left 
ventricular volume and ejection fraction before and after 
intravenous injection of increasing doses of ECA by means 
of the area-length method of Sandler and Dodge.” Images 


and calibrations were traced by means of a microproces- 
sor-controlled light-pen system on a digitizing table, the 
traced cavity being displayed directly on the video screen 
(Kontron Mipron). The end-diastolic area was measured 
coincidentally with the peak of the R wave and the 
end-systolic area at the smallest cross section after the R 
wave. Tracings of the cavity were drawn with the use of 
the leading edge, according to the recommendations of 
Wyatt et al.’ Minor irregularities of the endocardial 
surface were smoothed and papillary muscles were exclud- 
ed. The mitral valve was traced as a straight line across the 
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Fig. 2. Comparison of quantitative intensity between right ventricle (RV) and left ventricle (LV) after 
intravenous injection of increasing doses of ECA in 12 patients with aortic valve disease (predominantly 
aortic regurgitation). Doses are described in Table II. Preinjection baseline intensity was subtracted from 
all points to compensate for intrinsic brightness of echocardiographic image, which is not related to 
contrast injection. tp < 0.05 vs dose 1. Values are mean + standard deviation. 


ring. End-diastolic and end-systolic images from three 
cardiac cycles were planimetered and averaged for every 
measurement. 

Study Design. To carry out a dose-finding study as well, 
ECA was given to each patient in a different dose, referred 
to as doses 1 to 4 (Table II). Dose selection was random- 
ized. Thus, dose 1 to dose 2, dose 1 to dose 3, and dose 1 to 
dose 4 could be compared, as well as dose 2 to dose 3. The 
number of patients included in the various comparisons 
can be seen in Table IV. However, each dose was com- 
pared with regard to changes in heart rate, ECG, systolic 
and diastolic blood pressure, left ventricular volume, and 
ejection fraction. 

Statistical analysis. Continuous data were expressed as 
mean + standard deviation. Differences between two 
means were analyzed by means of paired and unpaired t 
tests. The correlation coefficient was calculated by means 
of Spearman’s rank correlation method. 

Reproducibility. To study reproducibility, two-dimen- 
sional echocardiographic analysis was performed by one 
observer at different times (intraobserver) and indepen- 
dently by two observers (interobserver) in 34 apical two- 
or four-chamber views. A linear regression analysis was 
performed and mean percentage of error was calculated. 


RESULTS 


Reproducibility. Data from linear regression analy- 
sis and the mean percentage errors are shown in 
Table V. Both intra- and interobserver reproducibil- 
ity of end-diastolic volume index showed satisfacto- 
ry correlation coefficients (r = 0.97, 0.95) and small 
mean percentage errors (0.0, 2.0%). Reproducibility 
of end-systolic volume index showed good correla- 
tion coefficients (r = 0.98, 0.97) and small mean 
percentage errors (5.0, 5.0%), but correlation coeffi- 


Table VII. Duration of opacification of the left ventricular 
cavity after intravenous injection of different doses of 
ECA 





Duration of opacification of 


Doses left ventricular cavity (sec) 
1 (n = 57) 17+ 18 
2 (n = 57) 27 + 26 p<0.01 
1 (n = 76) 17 + 20 
3 (n = 76) 32 + 23 p<0.01 
2 (n = 36) 27 + 21 
3 (n = 36) 38 + 26 p<0.01 
1 (n= 17) SE 9 
4 (n = 17) 25.+, 12 p < 0.01 





cients of stroke volume index (r = 0.88, 0.86) and 
ejection fraction (r = 0.88, 0.85) were comparatively 
less favorable. 

Physiologic effects of injection of ECA. Tables IV 
and VI show changes in heart rate, blood pressure, 
left ventricular end-diastolic and end-systolic vol- 
ume indexes, stroke volume index, and ejection 
fraction after injection of ECA into the right or left 
antecubital vein. Only after injection of dose 3 was 
there a slight but significant decrease in heart rate 
from 73 + 16 to 71 + 15 bpm; likewise, an increase 
in systolic blood pressure from 116 + 14 to 118 + 15 
mm Hg was observed. No ECG alterations or signif- 
icant changes in left ventricular volume and ejection 
fraction occurred after intravenous injection (Ta- 
ble VI). 
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Fig. 3. Aortic regurgitant microbubbles in 55-year-old man with aortic insufficiency. A, Homogeneous 
visualization of microbubbles in left ventricle and in outflow tract with opened aortic valve in systole 
(arrow). Schematic drawing on right. B, Regurgitation of ECA across closed aortic valve in early diastole 
(arrow). Cloud of ECA is seen near aortic valve. Schematic drawing is shown on right. C, In end diastole 


(arrow) cloud of ECA has moved further into outflow tract. Schematic drawing on right. Ao, Aorta; PML, 
posterior mitral leaflet; AML, anterior mitral leaflet; other abbreviations as in Fig. 1. 
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Transpulmonary contrast. In 124 of 130 patients 
(95%) contrast in the left side of the heart was 
observed after a delay of more than three beats 
indicating transpulmonary transmission of micro- 
bubbles. Increasing doses led to significantly longer 
opacification of the left ventricle (38 + 26 seconds 
and of 25 + 12 seconds after doses 3 and 4, respec- 
tively; Table VII). This also confirms the stability of 
the microbubbles. The apparently shorter opacifica- 
tion of the left ventricle after administration of dose 
4 compared to dose 3 is misleading, since dose 4 was 
only given to patients who showed a relatively poor 
imaging of the left ventricle after injection of dose 1. 
Fig. 2 shows the comparison of opacification of the 
right and left ventricular cavities in 12 patients with 
aortic valve disease (predominantly aortic regurgita- 
tion). With increasing doses of ECA the values of 
intensity in the right ventricle are not significantly 
different; however, the opacification of the left 
chamber appears to be more intense with dose 3 
compared to dose 1 (70 + 60 vs 60 + 60 units) and is 
significantly different after dose 4 compared to dose 
1 (88 + 62 vs 60 + 60 units, p < 0.05). 

Examples. Aortic regurgitation was classified on a 
four-point scale by measuring the distances of regur- 
gitant microbubbles from the aortic valve. The 
results obtained were compared with the four-point 
scale classification of aortography devised by Gross- 
man and Dexter.” The results of both grading 
procedures agreed in seven of nine cases of aortic 
regurgitation and differed by one point in two (Fig. 
1). 

Fig. 3 is an example of diastolic regurgitation 
across the aortic valve in a 55-year-old man. Both 
procedures evaluated the severity of aortic regurgi- 
tation as grade III. Fig. 4 shows ECA crossing the 
lung in a 56-year-old woman with severe mitral valve 
stenosis, a mean diastolic pressure gradient of 16 
mm Hg, and severe tricuspid insufficiency. Fig. 5 
shows the diastolic regurgitation of ECA across the 
incompetent aortic valve prosthesis in a 56-year-old 
patient. Only in late diastole was there mixing in the 
left ventricular outflow tract (Fig. 5, C). Fig. 6 shows 
the differentiation between ECA inflow into the left 
atrium through the atrial septal defect and over the 
pulmonary veins. 

In 14 patients aortic insufficiency was diagnosed 
according to the flow characteristics of the micro- 
bubbles near the aortic valve. These findings were 
confirmed angiographically in nine patients (Fig. 1). 
In the other five patients catheterization of the left 
side of the heart was not performed. In nine other 
patients regurgitation across the mitral valve pros- 
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Fig. 4. Passage of ECA in patient with severe mitral 
valve stenosis; four-chamber view. A, Before injection. B, 
Right atrium filled with ECA. C, Right atrium and right 
ventricle filled with ECA. C, After 16 ventricular systoles, 
filling of left atrium and left ventricle with ECA via 
pulmonary vascular bed. In real-time modes very slow 
movement of microbubbles was observed in left atrium. In 
slow motion, velocity of microbubbles in left atrium was 
found to be 0.5 cm/99 msec. Black arrows indicate direc- 
tion of flow of ECA arriving from lung veins. RA, Right 
atrium; RV, right ventricle; other abbreviations as in 
Fig. 1. 


thesis was either confirmed or excluded. In addition, 
in 27 patients we demonstrated the competence or 
incompetence of normal mitral valves. In three 
patients with hypertrophic obstructive cardiomyop- 
athy a laminar flow in the left ventricular outflow 
tract was evident. 

Patients did not complain of any side effects. 
Even after passage of ECA through the left ventricle 
and into the cerebral capillaries there were no 
complaints, except for a slight taste sensation 
reported by three patients. Neither were there any 
side effects in nine patients with a history of aller- 
gies. 

Patients reporting a slight taste sensation. 

Patient No. 1 (22 of 130). A 55-year-old man with 
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Fig. 5. Differentiation between regurgitating jet across aortic valve prosthesis into left ventricular 
outflow tract and diastolic inflow through mitral valve. A, Before injection. B, 66 msec after T wave (white 
arrow) inflow of ECA through mitral valve into left ventricle, left ventricular outflow tract remains empty. 
C, 165 msec after T wave (late diastole), additional filling of left ventricle (black arrow). There is only 
minimum mixing in left ventricular outflow tract (black horizontal arrows). D, In end diastole only a little 
mixing occurs. E, In systole ECA is ejected into aorta. F, In subsequent diastole regurgitation of ECA 
across aortic valve prosthesis (curved black arrows) and inflow of new ECA. G, After 11 systoles inflow of 
less ECA (curved lines). H, M mode of regurgitation across aortic valve prothesis. Regurgitation occurs in 
area of left ventricular ouflow tract immediately after T waves (small arrowheads). Abbreviations as in 


Figs. 1 and 4. 


angiographically confirmed grade III aortic insuffi- 
ciency reported a slight taste sensation after injec- 
tion of dose 3; the taste was not disgusting but could 
not be defined more precisely, and it was of short 
duration (3 to 5 seconds). Before injection the heart 
rate was 57 bpm; 10 seconds after injection (time 
point of taste sensation), the heart rate decreased to 
55 bpm. Blood pressure did not change (120/60 mm 
Hg vs 120/60 mm Hg). The ECA remained in the left 
ventricle for 60 seconds. 

Patient No. 2 (39 of 130). A 55-year-old woman 
with mitral and aortic valve protheses that had been 
inserted in 1981, reported a slight taste sensation 
after injection of dose 3. The nature of the taste 
could not be defined, but it was not reported to be 
disgusting. The taste sensation lasted about 5 to 7 
seconds. Before injection the heart rate was 73 bpm; 
after injection, that is, at the time of the taste 
sensation, it decreased to 71 bpm. Blood pressure 
increased slightly from 130/80 mm Hg to 135/80 mm 


Hg. Microbubbles remained in the left ventricle for 
30 seconds. 

Patient No. 3 (115 of 130). A 56-year-old man 
with rhythm disturbances (ventricular extrasystoles, 
Lown grade IVa) had a slight but not disgusting 
taste sensation after administration of dose 4. The 
nature of the taste could not be clearly defined. The 
taste was reported 10 seconds after injection and 
persisted for about 5 seconds. Before injection the 
heart rate was 92 bpm; at the time of the taste 
sensation the heart rate was 97 bpm (10 seconds 
after injection). Aortic pressure did not change 
(140/80 mm Hg). The ECA remained in the left 
ventricle for 16 seconds. 

In all three patients the taste sensation was of 
short duration, was not unpleasant, and was not 
reported spontaneously but only at the investiga- 
tor’s request. At the present time we are unable to 
determine which component of the ECA is responsi- 
ble for the slight taste sensation. However, the ECA 


Volume 115 
Number 2 


used here did not produce nausea, flush, heat sensa- 
tion, or dizziness. 


DISCUSSION 


In 124 of 130 patients (95%) we were able to 
successfully opacify the cavity of the left atrium, the 
left ventricle, and the ascending aorta by intrave- 
nous injection. In an initial group of patients 
(n = 31) ECA was seen in the left ventricle in 87% 
after injection of doses 1 and 2; in another 99 
patients the same procedure was successful in 98% 
with doses 3 and 4. With an increase in dose in the 
right ventricle the intensity of opacification was 
enhanced insignificantly, whereas an increase in the 
dose in the left ventricle led to a significant increase 
in intensity (dose 4 vs dose 1, Fig. 2). When dose 4 
was injected the intensity of opacification of the left 
ventricle was approximately half that measured in 
the right ventricle. 

To date, there have been only three reports! 
that demonstrated flow of a new ECA capable of 
transit through the pulmonary vascular bed; those 
experiments were performed in dogs after peripheral 
venous injection. Fritzsch et al.‘ reported a small 
decrease in aortic pressure (5%) after injection. 
Smith et al. reported no change in heart rate and 
blood pressure in five dogs in which a saccharide 
contrast agent was used. 

Valdes-Cruz and Sahn" injected 11 contrast 
agents into the external jugular vein in 20 open- 
chest anesthetized mongrel dogs. They observed 
that all substances (0.5% paraldehyde, 8% propyl- 
ene glycol, indocyanine green gasified with carbon 
dioxide, 20% oxypherol gasified with oxygen, 20% 
oxypherol gasified with carbon dioxide, 0.3% hydro- 
gen peroxide, supersaturated solution of saccha- 
rides, 73% dimethylsulfoxide, 10% Liposyn, and 
normal saline solution gasified with carbon dioxide) 
completely opacified the right ventricle, and all were 
seen to rapidly cross the pulmonary capillary bed 
and appeared in measurable quantities in the left 
side of the heart. 

In addition, opacification of the left ventricle was 
seen after transpulmonary passage of 10% Liposyn 
in five human subjects with normal cardiac anato- 
my. In an earlier study? we described the typical 
passage of a new ECA through the pulmonary 
vascular bed in normal subjects, as well as the flow 
of ECA in incompetent mitral valve prostheses. 

In this study we assessed the typical flow of ECA 
in a larger group of patients with mitral valve 
stenosis, regurgitation over the aortic valve, and 
aortic valve prosthesis, and the concomitant inflow 
through the mitral valve. The latter allowed exact 
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Fig. 6. Patient with atrial septal defect. A, Before injec- 
tion. B, filled atrium and ventricle. C, Passage of ECA 
across defect (black arrow) into left atrium (right-to-left 
shunt) in ventricular systole (white arrow). D, In subse- 
quent diastole left-to-right shunt with washing out of ECA 
(straight white arrows) and flow of ECA through lung 
veins into left atrium (curved white arrows). Abbrevia- 
tions as in Figs. 1 and 4. 


visualization of diastolic blood mixing. It should be 
noted that in early diastole the blood flowing in 
through the mitral valve did not reach the left 
ventricular outflow tract. Only in late diastole (Fig. 
5) and 165 msec after the end of the T wave did 
discrete mixing occur in the left ventricular outflow 
tract in this patient. 

Initial results of a comparison between contrast 
echocardiographic and aortographic determinations 
of the degree of aortic insufficiency showed a high 
correlation in nine patients (r = 0.98, Fig. 1). Fur- 
ther studies in a larger cohort of patients are 
necessary to verify these results. 

Before and after intravenous injection of ECA, 
even of dose 4 in 20 patients, there were no signifi- 
cant changes in left ventricular end-diastolic and 
end-systolic volume indexes, stroke volume index, 
and ejection fraction (r = 0.99, 0.99, 0.91, and 0.93, 
respectively). These correlation coefficients were 
found to be in the range of the intraobserver and 
interobserver reproducibility (Table V). Injection of 
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dose 3 led to a slight decrease in heart rate and a 
slight increase in systolic and diastolic blood pres- 
sure in 80 patients (Table IV). Three of 130 patients 
reported a slight but not disgusting taste sensation. 
In nine patients with a history of allergies there were 
no side effects. 

At present, it is assumed that iron and the 
phosphate groups of lecithin establish a link to 
gelatin and thus form a precondition for stabiliza- 
tion of microbubbles. The shelf life of ECA is 
approximately 5 minutes. The ECA used can recir- 
culate, but we observed only a few microbubbles in 
the liver veins and in the branches of the portal 
veins. After ECA enters the capillary vessels of the 
lungs and parenchymatous organs like the liver, the 
degree of diluted ECA appears to be very high; 
microbubbles are seen in the liver veins but they are 
not densely opacified. In patients with right-to-left 
shunt, the situation is different. A large portion of 
the microbubbles do not enter the pulmonary capil- 
lary vessels, but immediately enter the left ventricle. 
The veins of the liver are then densely opacified, and 
even the liver parenchyma and branches of the 
portal veins become apparent. In these reports on 
the new ECA that passes the pulmonary vascular 
bed, contrast echocardiography enlarges the range 
of common indications and allows a noninvasive 
description of flow characteristics in the left ventri- 
cle and its valves. 

Limitations. In six patients (5%) the left ventricle 
could not be visualized by microbubbles. Four 
patients had severe tricuspid insufficiency (grade 4 
according to Doppler echocardiography) combined 
with mitral valve disease. One patient had conges- 
tive cardiomyopathy with an ejection fraction of 
12% (angiographically established), and one patient 
had valve replacements with grade 4 regurgitation 
through the mitral valve prothesis and grade 3 
regurgitation over the aortic valve prothesis (angio- 
graphic grading). In these patients cardiac output 
appears to be considerably reduced; hence, the 
amount of microbubbles transported through the 
lungs proved to be insufficient to image the left 
ventricle. Moreover, in 17 patients (14%) the 
amount of ECA in the left ventricle did not allow 
adequate assessment of the valves. Further studies 
are required in these patients with increased doses 
of ECA or pharmacologic intervention to better 
assess left ventricular valves. 

An indispensable prerequisite for imaging of the 
left ventricle is good visualization by ultrasound and 
good performance of ultrasound equipment. Even 
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though patients receiving doses 3 and 4 did not 
complain of side effects, examination should always 
begin with dose 1. Possible anaphylactic reactions 
may require administration of antihistamines, corti- 
costeroids, and dopamine. 


We are indebted to Bettina Martens-Schmiéle, M.D., and 
Bettina Röttger for preparation of the manuscript and to Mr. 
Hassan Bahawar for technical assistance. 
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Early partial systolic closure of the pulmonic 
valve relates to severity of pulmonary _ 
hypertension 


Ultrasound studies in pulmonary hypertension often show systolic partial closure of the pulmonic 
vaive and early peaking of Doppler pulmonary flow velocity, but these findings are poorly 
understood. Our initial observations of earlier systolic partial closure with higher pulmonary 
pressures suggested that this phenomenon might relate to pressure. In 30 patients with 
documented pulmonary hypertension, the timing of systolic partial closure and the corresponding 
decrease In Doppler flow velocity related Inversely to pulmonary artery pressure at 
catheterization. Peak flow preceded the systolic velocity decrease and also related Inversely to 
pressure. Since changing flow velocity might reflect a changing driving force across the valve, 
we examined simultaneous high-fidelity catheter pressure tracings from the right ventricle and 
pulmonary artery from 24 patients with and without pulmonary hypertension. In 30 studies, a 
positive right ventricular to pulmonary artery pressure gradient was present early in systole, but 
the gradient decreased to a minimum value in mid-to-late systole. The timing of this minimum 
also related inversely to pressure. We conjectured that forces opposing ejection occur earlier in 
pulmonary hypertension, thereby decreasing the forward driving force and allowing earlier partial 


systolic closure. (Am Heart J 1988;115:409.) 


Darya Turkevich, M.D., Bertron M. Groves, M.D., Alexander Micco, ~ 
John A. Trapp, Ph.D., and John T. Reeves, M.D. Denver, Colo. 


A hallmark of the echocardiogram of patients with 
pulmonary hypertension is the systolic notch, or 
systolic partial closure of the pulmonic valve. Thus 
during right ventricular ejection, the pulmonic valve 
appears transiently to move toward the closed posi- 
tion, with subsequent reopening and final closure.'* 
In a preliminary study we noted that systolic partial 
closure occurred earlier in patients with higher 
pulmonary pressure.‘ We also confirmed previous 
observations®® of æ dominant secondary rise in the 
right ventricular pressure curve in patients with 
- pulmonary hypertension, which suggests a midsys- 
tolic loading of the ventricle not present at the onset 
of ejection. We conjectured that systolic partial 
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closure of the pulmonic valve could represent some 
force opposing right ventricular ejection and that 
this force would act earlier with higher pressure. The 
reported earlier pulmonary flow peak with higher 
pressure’ could be a manifestation of this same force 
opposing ejection. 

Measurements of the timing of systolic partial 
closure and peak pulmonary flow in relation to some 
measure timing forces opposing ejection where 
needed. Since the pressure gradient from the right 
ventricle to the pulmonary artery reflects the net 
force driving ejection, a force opposing ejection 
would. cause a decrease in this gradient. A variable 
pressure gradient from the right ventricle to the 


` pulmonary artery has been produced experimentally 


in the dog and corresponded to systolic partial 
closure,? but these authors did not relate the timing 
to pressure. Detailed right heart hemodynamics 
relating pressure events to systolic partial closure 
have not previously been reported in humans, but 
they are important to understand the pattern of 
blood flow in pulmonary hypertensive states. A 
quantitative relationship between systolic partial 
valve closure and pulmonary artery pressure would 
also be important as a noninvasive estimator of 
pulmonary hypertension. 
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Table |. Ultrasound measurements in pulmonary hypertension 











Patient PAM RR 
No. Diagnosis (mm Hg) (msec) 
E PPH 112 820 
2 PPH 110 700 
3 PPH 105 700 
4 CHD 90 650 
5 CHD 84 750 
6 PPH 83 820 
7 PPH 78 630 
8 PPH 15 590 
9 PPH 63 862 
10 CPD 62 700 
il PPH 60 720 
12 CHD 60 830 
13 PPH 56 790 
14 PPH 55 950 
15 PPH 55 730 
16 PPH 54 690 
17 CPD 52 760 
18 PPH 51 830 
19 PPH 50 630 
20 PPH 50 630 
21 CVD 47 720 
22 PPH 45 710 
23 CHD 42 800 
24 PPH 42 660 
25 CVD 39 750 
26 PPH 38 800 
27 CL 37 760 
28 CVD 36 750 
29 CHD 30 1050 
30 CPD 28 1050 


Q-SPC Q-SVD Q-peak Q-PVO Q-PVC 
(msec) (msec) (msec) (msec) (msec) 
176 198 131 97 329 
201 196 160 103 313 
241 212 170 114 342 
170 192 185 97 338 
251 206 — 100 363 
189 188 — 90 309 
212 197 — 101 374. 
181 189 141 89 340 
247 247 170 129 408 
204 208 — 103 373 
256 249 183 102 416 
242 272 209 124 423 
241 264 192 122 384 
201 221 179 99 414 
234 225 — 111 408 
203 205 159 100 345 
245 241 204 96 353 
210 219 170 91 397 
250 246 166 101 319 
226 222 172 117 363 
290 246 152 109 392 
261 267 178 98 422 
270 272 191 142 325 
238 237 175 104 346 
240 248 194 104 394 
262 262 186 100 395 
241 318 235 141 426 
257 231 170 100 370 
289 260 178 90 409 
300 251 215 111 420 








PAM = pulmonary arterial mean pressure; RR = cardiac cycle length derived from ECG; Q-SPC = interval from the onset of the QRS complex to the 
echocardiographic systolic partial closure; Q-SVD = to the Doppler systolic velocity decrease; Q-peak = to the peak Doppler flow velocity; Q-PVO = to the 
pulmonic valve opening; Q-PVC = to the pulmonic valve closure; PPH = primary pulmonary hypertension; CHD = congenital heart disease with 
left-to-right shunt; CL = cirrhosis of the liver; CVD = collagen vascular disease; and CPD = chronic pulmonary disease. 


METHODS 


Consecutive adult patients undergoing initial evalua- 
tion of pulmonary vascular disease and meeting the 
following criteria were included: systolic partial closure of 
the pulmonic valve visible on M-mode echocardiogram, 
satisfactory recordings of pulmonary flow at the pulmonic 
valve obtained with Doppler ultrasound examination, and 
resting mean pulmonary arterial pressure >20 mm Hg. 
Catheterization and ultrasound examinations were per- 
formed within 1 week of each other, during which time no 
change occurred in clinical status. All patients gave 
informed consent. Table I shows the 30 patients accessed 
into the study. Eighteen patients had primary pulmonary 
hypertension, five had congenital heart disease with left- 
to-right shunts, three had chronic pulmonary disease, 
three had collagen-vascular disease, and one had hepatic 
cirrhosis. Patients with pulmonary hypertension caused 
by disease of the left side of the heart were not in- 
cluded. 

The M-mode echocardiograph was performed according 
to standard technique by means of an Irex or Hewlett- 


Packard commercial echocardiograph. Measurements 
were made from chart recordings at 50 mm/sec paper 
speed. The RR interval and the interval from the onset of 
the QRS complex to the maximum systolic partial closure 
of the pulmonic valve (Q-SPC) were measured. Intervals 
reported were the mean of at least three cycles. 

_ The Doppler examination was performed separate from 
the echocardiogram by means of the analog output of a 
pulsed Doppler instrument developed at this institution.® 
Frequency-to-voltage conversion was accomplished via a 
unique quadrature audio demodulator that gave a 90% 
rise time of 15 msec, thereby accurately tracking the 
instantaneous mean of the velocity spectrum. Since Dopp- 
ler tracings were used for timing purposes only, the mean 
velocity display offered greater clarity of signal; frequency 
response was improved over systems that use the fast 
Fourier transform, which typically sample over 5 to 50 
msec intervals.” A 3.25 MHz transducer with a 1.0 cm. 
crystal and a 1.0 cm. sample volume were used. The study 
was performed according to standard technique with the 
user guided by an A-mode display and audio signal. 
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Fig. 1. Simultaneous recording of M-mode echocardiogram of the pulmonic valve and pulmonary artery 
Doppler tracing in a patient with pulmonary hypertension. SV = location of the Doppler smaple volume 
relative to the posterior pulmonic valve leaflet. The right panel is a tracing of the original recording 
labeled to indicate timing intervals; Q-SPC = onset of ECG QRS complex to systolic partial closure of the 
pulmonic valve by echo; PVO-SVD = pulmonic value opening measured as the onset of Doppler flow to 
systolic velocity decrease by Doppler examination. Note that the timing of systolic partial closure and 


systolic velocity decrease coincide. 


Recordings of mean instantaneous velocity and simulta- 
neous single-channel ECG were made on magnetic tape 
and replayed onto paper at 50 mm/sec chart speed. Signals 
were screened visually, and those with maximum ampli- 
tude and well-defined systolic velocity decrease were used 
for analysis. Primary Doppler measurements included the 
intervals from the onset of the QRS complex to the 
pulmonic valve opening or to the onset of pulmonary flow 
(Q-PVO), to peak flow (Q-peak), to maximum systolic 
velocity decrease (Q-SVD), and to pulmonic valve closure 
(Q-PVC). Intervals were estimated to the nearest 10 msec 
and were averaged over at least five cycles. On multiple 
beats in individual patients, the Q-SVD interval had a 
coefficient of variation of 6.4% + a standard deviation of 
2.5%. Respiration was not specifically controlled in either 
echocardiograph or Doppler examination. 

A modification of the basic Doppler instrument was 
made for validation studies. The Doppler signal was 
interfaced into an M-mode echocardiograph, which was 
also capable of receiving simultaneous inputs from phono- 
cardiographic and high-fidelity pressure sensors. Fig. 1 
shows the intervals pertinent to this study as recorded by 
the modified instrument. These simultaneous data were 
not used for statistical analysis. 

Cardiac catheterization were performed with the 
patient fasting without premedication, as a part of the 
initial clinical evaluation, as described previously.” The 
reported thermodilution cardiac output was the mean of 
at least three determinations. Mean pulmonary arterial 
pressure (Table I) was measured with a fluid-filled cathe- 
ter with zero at the mid-chest level. 

In 13 patients high-fidelity pressure measurements 


were made simultaneously in the pulmonary artery and 
right ventricle with a dual-tipped micromanometer cathe- 
ter (Millar Instruments, Houston, Texas) with matched 
and calibrated transducers 4 cm apart. Six of these 
patients had such measurements repeated at least 1 week 
later while taking vasodilator therapy. Ten additional 
patients without pulmonary hypertension had such mea- 
surements as part of a routine diagnostic catheteriza- 
tion. 

High-fidelity right ventricular pressures were obtained 
as follows. The fluid-filled lumen of the Millar catheter 
was connected to a Bell and Howell 4-327-I transducer, 
with zero set to atmosphere at the mid-chest level. Simul- 
taneous right artrial pressures were recorded through the 
fluid-filled lumen and from both tip-transducers to cali- 
brate the high-fidelity sensors. Simultaneous right ven- 
tricular pressure was then matched to right atrial pressure 
during the diastolic slow filling phase to correct for drift in 
high-fidelity pressures. Recordings of pressure and a 
reference ECG were made at paper speeds of 150 to 250 
mm/sec, with the patient’s respiration voluntarily sus- 
pended at the end of normal expiration. 

The pressure difference from the right ventricle to the 
pulmonary artery was obtained after equal sensitivity of 
the two high-fidelity transducers was confirmed by exam- 
ination of the pressure contours with both sensors in the 
tight ventricle. The catheter was then advanced to posi- 
tion the distal sensor in the pulmonary artery and the 
proximal sensor in the right ventricle. Only beats free of 
valve motion artifact were used for analysis. After the 
recording of pressures, pairs of right ventricular and 
pulmonary arterial pressures were traced by hand and 
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Fig. 2A. High-fidelity catheter tracings from a patient with chest pain, normal coronary arteries, and 
normal pulmonary artery pressure. PA = pulmonary artery pressure; PA dp/dt = first time derivitive of 
pulmonary artery pressure, derived electronically on-line; PHONO = phonocardiogram; RV = right 
ventricular pressure. 
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Fig. 2B. Digitized simultaneous right ventricular (RV) and pulmonary artery (PA) Millar catheter 
recordings and the resultant subtraction curve (RV-PA) from the patient whose tracings are shown in Fig. 
2A. The RV and PA have been matched at the peak RV pressure. Zero time = the onset of the QRS 
complex. The minimum of the subtraction curve is indicated. 


digitized by computer, which used a digitizing interval of 
10 msec. Pulmonary arterial pressure was translated 
vertically to match the right ventricular pressure at the 
maximum pressure in mid-to-late systole, and the pulmo- 
nary arterial pressure was then subtracted from the right 
ventricular pressure (Fig. 2). Although matching involved 


the assumption of equalization of pressures at an arbitrary 
point, a vertical shift affected the zero reference but not 
the shape of the resultant difference curve. All the differ- 
ence curves displayed a characteristic contour, with an 
early relative maximum falling to a relative minimum or 
plateau in mid-to-late systole. As a reflection of the time 
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Fig. 2C. High-fidelity catheter tracings from a patient with severe pulmonary hypertension. Abbrevia- 
tions are the same as in Fig. 2A. - ; 
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Fig. 2D. Digitized simultaneous right ventricle (RV) and pulmonary artery (PA) Millar catheter 
recordings and the resultant pressure subtraction curve (RV-PA) in the patient whose catheter tracings 
are shown in Fig. 2A. The RV and PA have been matched at the RV peak pressure. Zero time = the onset 
of the QRS complex. The minimum of the subtraction curve is indicated. 
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Fig. 3. Timing of echocardiographic systolic partial clo- 
sure (Q-SPC) vs. Doppler systolic velocity decrease (Q- 
SVD) (y = 0.92x+ 17, r=0.70, and n= 30). The line 
displayed is the line of identity. 


of minimum driving force for ejection, we chose the time 
of the relative minimum or the onset of the plateau. We 
chose the foot of the pulmonary arterial pressure pulse as 
the start of ejection. We did not attempt to determine the 
absolute magnitude of the gradient or when it was positive 
or negative. 

Individual measurements are reported in Tables I and 
II. The relationship of two or more variables was consid- 
ered significant when linear regression analysis yielded 
p<0.05. 


RESULTS 


In the 30 patients, the timing of the echocardio- 
graphic systolic partial closure correlated with the 


timing of the decrease in Doppler systolic velocity, _ 


and the points fell near the line of identity (Fig. 3). 
In those patients studied with the simultaneous 
Doppler echocardiographic system, systolic partial 
closure and the systolic velocity decrease occurred 
together (Fig. 1). The interval from the onset of 
electrical systole to the echocardiographic partial 
systolic closure was inversely related to mean pul- 
monary arterial pressure at cardiac catheterization 
(Fig. 4, A). From Doppler studies, the interval from 
the onset of electrical systole to the maximum 
systolic velocity decrease had a similar inverse rela- 
tionship with mean pulmonary arterial pressure 
(Fig. 4, B). 

Since the onset of ejection might provide a more 
physiologic onset of the interval compared with the 
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Table Il. Right heart catheterization data 


Patient RVS PVO-min RR co 
‘Not Diagnosis (mmHg) (msec) (msec) (L/min) 
6 PPH 122 68 770 2.7 
9 PPH* 112 90 980 4.4 
29 CHD 104 84 720 6.6 
6 PPH* 102 103 800 3.1 
9 PPH* 100 110 980 3.8 
14 PPH 88 128 1070 4.5 

9 PPH 85 112 870 3.4 
21 CVD 15 80 820 3.0 
11 PPH 73 100 1100 4.2 
15 PPH 69 76 900 5.3 
22 PPH 66 100 840 3.5 
26 PPH 61 92 700 4.4 
27 CL* 58 88 960 5.9 
27 CL 51 88 780 4.6 
24 PPH 50 150 970 3.5 
28 CVD 48 84 1000 4.4 
29 CHDt 46 120 920 3.8 
12 CHDt 44 80 940 4.0 
26 PPH* 44 108 750 5.6 
26 PPH* 38 ° 114 750 6.1 
31 NP 27 252 1000 5.6 
32 NP 27 168 750 5.6 
33 NP 27 152 890 5.4 
34 NP 26 176 850 6.0 
35 NP 26 152 940 4.1 
36 NP 26 180 800 3.6 
37 NP 25 200 1480 4.5 
38 NP 24 220 920 4.2 
39 NP 18 184 960 5.1 
40 NP 18 240 820 4.7 





Abbreviations are the same as for Table I, plus: RVS = peak right 
ventricular systolic pressure; PVO-min = interval from the nadir of the 
pulmonary artery pressure pulse to the minimum or onset of the systolic 
plateau of the right ventricle-pulmonary artery pressure difference curve; 
CO = cardiac output; NP = patient with normal pulmonary artery mean 
pressure. 

*Repeat study during vasodilator therapy. 

tRepeat study after surgical correction of left-to-right shunt. 

Patient numbers are the same as in Table I. 


onset of electrical systole, we also corrected for the 
preejection period. The interval from pulmonic 
valve opening to the systolic velocity decrease, which 
was measured by Doppler examination, showed a 
similar and slightly stronger inverse relationship 
with mean pressure (Fig. 4, C). We also considered 
the possibility that the timing of the systolic velocity 
decrease might be a nonspecific effect of cycle 
length, since patients with higher pressures tended 
to have higher heart rates. The timing of the systolic 
velocity decrease related directly to cycle length 
(r = 0.49 for PVO-SVD vs RR, with a slope of 0.107). 
Correcting for cycle length, however, did not abolish 
the relationship with pressure (for example, 
with [PVO-SVD], = [PVO-SVD] — 0.107RR, [PVO- 
SVD], still related to mean pulmonary arterial 
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Fig. 4A. Timing of echocardiographic systolic partial 
closure from the onset of the QRS complex (Q-SPC) vs. 
mean pulmonary artery pressure (PA) (y = —0.97x + 292, 
r = —0.66, and n = 80). 


pressure with r = — 0.57; c= corrected for cycle 
length). 

The Doppler tracings also allowed timing of peak 
flow velocity and pulmonic valve closure. Accelera- 
tion time (opening to peak) and ejection time (open- 
ing to closure) also related inversely to mean pres- 
sure (r = —-0.60 and — 0.49, respectively). 

We were able to obtain simultaneous high-fidelity 
pressures in the right ventricle and pulmonary 
artery on 20 occasions in 13 patients with pulmonary 
hypertension and once each in 10 patients with 
normal pulmonary artery pressure. The right ven- 
tricular pressure contour was not characterized by a 
single, smooth peak in any patient. Those patients 
with normal pressure had a pressure curve that 
resembled a damped squarewave (Fig. 5), which 
suggested the fusion of two peaks of nearly equal 
magnitude. Those patients with pulmonary hyper- 
tension displayed an initial shoulder followed by a 
secondary rise (Fig. 5). We did not attempt to 
resolve the two peaks in this study. However, we also 
observed that the pulmonary artery pressure con- 
tour approximated only a single peak, which implied 
a changing relationship with right ventricular pres- 
sure during the course of systole. Because the two 
recordings were of matched sensitivity, subtracting 
the arterial from the ventricular pressure gave the 
time course of the relative pressure difference in 
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Fig. 4B. Timing of the Doppler systolic velocity decrease 
from the onset of the QRS complex (Q-SVD) vs. mean 
pulmonary artery pressure (y = —0.95x + 290, r= 0.71, 
and n = 80). 
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Fig. 4C. Timing of the Doppler systolic velocity decrease 
measured from pulmonic valve opening (PVO-SVD) vs. 
mean pulmonary artery pressure (y= —0.82x + 176, 
r = —0.75, and n = 30). 


which the zero could be arbitrary. A characteristic 
pressure difference curve was observed in patients 
both with and without pulmonary hypertension 
(Fig. 5); an initial peak was followed by either a 
minimum or a plateau below the peak. 
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Fig. 5. Right ventricle (RV) and right ventricle~pulmo- 
nary artery pressure subtraction curves (RV-PA) in 
patients with and without pulmonary hypertension. The 
vertical scale is the same for both tracings. Bottom, 
Patient with coronary artery disease and right ventricular 
peak systolic pressure of 24 mm Hg, in whom the subtrac- 
tion curve minimum (arrow) occurs late in systole. Top, 
Patient with pulmonary hypertension (right ventricular 
peak systolic pressure of 62 mm Hg) in whom the systolic 
minimum (arrow) occurs 100 msec earlier. 


We considered the minimum pressure difference 
to reflect a transition between an early and a late 
phase of right ventricular contraction. A minimum 
pressure difference could be identified and timed in 
patients both with and without pulmonary hyper- 
tension. The interval from valve opening to the 
minimum was inversely related to peak pressure 
(Fig. 6 and Table II). The decrease with increasing 
_ pressure and the magnitude of the decrease were 
reminiscent of the findings that systolic partial valve 
closure and systolic flow velocity decrease occurred 
earlier with increasing pressure. 
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' Fig. 6. Timing of the systolic relative minimum of the 


right ventricle-pulmonary artery subtraction curve 
obtained from high-fidelity pressure recordings (PVO- 
min) vs simultaneous right ventricular peak systolic pres- 
sure (y = —1.17x + 196, r = —0.70, p < 0.001, and n = 30). 
* = repeat study during vasodilator therapy; x = repeat 


. study after surgical correction of left-to-right shunt. 


DISCUSSION 


The main finding in the present study was that 
the partial systolic closure of the pulmonic vilave and 
the accompanying decrease in flow occurred earlier 
in patients with higher pressures. This finding was 
supported by both M-mode and Doppler data. It 
seemed likely that the echocardiographic systolic 


- notch and the Doppler systolic velocity. decrease 


represented the same event, since their timing was 
the same when measured independently or simulta- 
neously. Previous studies also indicated simultane- 
ity of valve partial closure and flow decrease,* and 
it is reasonable that a decrease in flow would allow 
the valve to move toward a closed position. Except 
for our preliminary report,’ however, earlier systolic 
partial closure with higher pressure has not previ- 
ously been reported. 

Expecting that flow velocity and valve movement 
would accompany changes in the pressure gradient 
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across the valve, we measured phasic pressure differ- 
ences between the right ventricle and pulmonary 
artery with high-fidelity catheters. If the match of 


pressures was approximately correct, then an early 


systolic pressure gradient favoring forward flow 
existed between the right ventricle and pulmonary 
artery in these patients. Such a gradient has been 
reported for the right? and left sides of the heart in 
the dog. Our data showed that this gradient did not 
last throughout systole but that it reached a mini- 
mum that occurred earlier with higher prevailing 
pressure. This suggested an earlier loss of the force 
driving ejection, which was analogous to the earlier 
‘systolic velocity decrease with higher pressure. Also 
associated with increasing pressure were an earlier 
peak flow, as previously reported,’ and the well- 
known shorter ejection time. All of these findings 
were compatible with, but not proof of, forces 
opposing ejection earlier with higher pressure. 

The contour of the right ventricular pressure 
curve suggests a secondary response to a late load. It 
has been shown for the left ventricle that an addi- 
tional load imposed during systole results in a 
secondary, late rise in ventricular pressure. These 
authors suggested that the late pressure rise was a 
short-term response to the load, which implied that 
the ventricle could change its developed force in 
mid-systole. Their published left ventricular pres- 
sure curves were similar to those we observed for the 
hypertensive right ventricle. 

The present study did not examine the cause of 
these adverse systolic events. However, one possibil- 
ity is the additional load imposed on the right 
ventricle during ejection when the compliance limit 
of the proximal vessels is reached. Since compliance 
decreases with increasing pressure,” this secondary 
loading should occur earlier with higher pressure. A 
second possibility is a reflected pulse wave, which 
would return to augment pulmonary artery pressure 
before it reached the ventricle." “ Since pulse wave 
velocity increases with increasing pressure," a 
reflected wave would return earlier in a more hyper- 
tensive system. For example, given a wave speed of 
500 cm/sec in pulmonary. hypertension,“ a PVO- 
SPC interval of 120 msec would imply a reflection 
point at 30 em, which is compatible with a locus 
within the lung. Thus our data were consistent with 
either mechanism. 

Early partial systolic valve closure, along with 
early peak flow,’ has implications for the diagnosis 
of pulmonary hypertension. Thus considering the 
timing of partial systolic closure rather than only its 
presence may provide a noninvasive means of grad- 
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ing or quantitating pulmonary hypertension. Since 
systolic partial closure depends on the right ventri- 
cle~pulmonary artery interaction, it could allow an 
estimate of pulmonary artery pressure that is inde- 
pendent of estimators, such as isovolumic relaxation 
time! and tricuspid insufficiency velocity,” which 
rely on right ventricle—right atrium interaction. Sys- 
tolic partial closure can be measured from an M- 
mode echocardiogram without the need for Doppler 
equipment; our measurements of the systolic veloci- 
ty decrease used a Doppler instrument not commer- 
cially available, and the feasibility of making such 
measurements with commercial equipment remains 
to be shown. The accuracy with which the timing 
relates to pulmonary arterial pressure is potentially 
affected by a number of variables, such as stroke 
volume, right ventricular contractility, and pulmo- 
nary arterial size and stiffness. We did not investi- 
gate these factors in the present study. Similarly, 
the application of our results to patients with pul- 
monary hypertension caused by heart disease of the 
left side of the heart requries further investigation. 
However, given the widespread use of ultrasound 
techniques in cardiovascular medicine, timing of 
partial systolic pulmonary valve closure may con- 
tribute to the clinical evaluation of patients with 
pulmonary hypertension. 


Dr. David Synhorst offered helpful suggestions during this 
study. We are grateful to Roy Ditchey, M.D., Barbara Barton, 
R.N., Barry Cross, R.C.P.T., Karen Dawson, R.N., Kathleen 
Donnellan, R.N., Patrick McCarty, R.C.P.T., and Lana Thieme, 
R.C.P.T. for their help in obtaining Millar catheter tracings, and 
to Steve Hofmeister and Leonard Latham for assistance with the 
illustrations. 
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Doppler evaluation of bioprosthetic and 


mechanical aortic valves: Data from four models 
in 107 stable, ambulatory patients 


To test the applicability of Doppler ultrasound in the evaluation of prosthetic valve function, 107 
patients with normal ejection fractions in whom Starr-Edwards, Bjérk-Shiley, Carpentier-Edwards, 
and Hancock models had been implanted in the aortic position were examined. Maximal 
transvalvular velocity was recorded by non-imaging continuous wave Doppler ultrasound. Means 
of maximal velocities by model and size ranged from <2 to 4 m/sec. The Starr-Edwards valve 
showed the highest velocities, the Bjérk-Shiley the lowest, and the bioprosthetic models showed 


velocities in between. A significant inverse relation between velocity and size, and standard 
deviations averaging + 14% enabled the technique to measure differences between sizes of the 
same model. Aortic regurgitation was detected in 24% of the patients. This study, conducted in 
well and stable patients, established values for maximal velocity across normally functioning 
aortic mechanical and tissue prostheses of different models and sizes. The intersubject 
variability was relatively small which, together with a previously shown minimal intrasubject 
variability, was testimony to a methodology that should prove useful in longitudinal postoperative 


evaluations. (Am Heart J 1988;115:418.) 
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Despite the remarkable improvement that comes 
with surgical replacement of diseased valves, the 
fact remains that disease is not eliminated but 
exchanged for potential prosthetic failure from 
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thrombosis, infection, and degeneration. The nonin- 
vasive and quantitative features of Doppler ultra- 
sound make it potentially ideal for monitoring the 
status of the prosthesis. To test the applicability of 
the method for measuring valve function, we used 
non-imaging continuous wave Doppler ultrasound to 
examine 107 functionally stable patients who had 
aortic valve replacement with four different models 
of mechanical and tissue prostheses. The findings 
indicate that relatively narrow ranges of transvalvu- 
lar velocity gradients can be defined for each model 
and size despite variances in cardiac output and 
prosthetic regurgitation. 


CONG 
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Table I. Group characteristics according to valve model 








Starr-Edwards 
Patients examined 12 
Age (years) 69 + 10 
Postoperative interval (years) 18+4 
Postoperative EF (%) 60 + 12 








Entries are means + standard deviations. 
EF = ejection fraction. 


METHODS 


Survivors of aortic valve replacement performed at the 
West Los Angeles Veterans Administration facility 
between 1967 and 1984 were selected on the basis of 
availability and, of 186 patients contacted, 107 agreed to 
be studied. Two patients with Starr-Edwards valves were 
too ill with terminal cancer and cardiorespiratory symp- 
toms to come to the laboratory. Six others with Starr- 
Edwards, two with Bjérk-Shiley, and 21 with biopros- 
theses declined because of inconvenience or unavailable 
transportation. Four models of valves were examined: 
Starr-Edwards, model 2400; standard and concave-convex 
Bjérk-Shiley; Carpentier-Edwards; and modified Han- 
cock. The charts were examined for birth and operative 
dates, and for confirmation of valve model and size. 
Patients with bioprostheses were examined by ausculta- 
tion before the ultrasound study by a single observer who 
noted the presence or absence of a murmur of aortic 
regurgitation. 

Ultrasound studies were performed by one technician 
with the Irex Meridian system (Technicare Ultrasound, 
Ramsey, N.J.) that interfaces phased-array two-dimen- 
sional imaging with pulsed and continuous wave Doppler 
through a single duplex 2.5 MHz transducer. Images from 
parasternal long- and short-axes, and apical four-chamber 
and two-chamber views were recorded separately, and 
with apical views, simultaneously with the Doppler fre- 
quency spectra on videocassette tape. Duplex scanning 
was performed for an overall assessment and for detecting 
valvular regurgitant velocities; however, regurgitant sig- 
nals were not semiquantitated with mapping techniques. 
For quantitative measurements, aortic flow velocities were 
also recorded with a stand-alone, nonimaging, Pedof 2 
MHz transducer in the continuous wave mode and were 
amplified and recorded through an Irex Exemplar System 
at a paper speed of 50 mm/sec. Aortic spectral signals were 
recorded systematically from four Doppler-transducer 
windows: apical, subcostal, right parasternal, and supras- 
ternal. Audio and visual criteria were used to align the 
ultrasound beam with the aortic jets. A medium-to-high 
frequency systolic whistling localized antegrade aortic 
flow. Aortic regurgitant flow was searched for in a trajec- 
tory close to that of the systolic jet and was localized by 
high frequency signals in diastole. Visual criteria for 
systolic flow were maximal amplitude and continuous, 
unbroken envelopes of the highest frequencies. Criteria 
for diastolic regurgitant flow were pandiastolic velocities, 
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Bjork-Shiley Carpentier-Edwards Hancock 
21 42 32 

62 + 10 66 +8 649 

443 442 442 

64 +8 62 + 12 62 +9 








usually higher than 3 m/sec, describing a single decelera- 
tion slope, distinct from mitral flow velocities, usually less 
than 1.5 m/sec, that began later in diastole and rose and 
fell as double peaks in sinus rhythm or as a single peak in 
atrial fibrillation. Optimal signals were recorded from at 
least two windows in every patient and resultant velocities 
were assumed to be close to parallel with aortic flow 
and were not corrected for an incidence angle.! AH 107 
examinations yielded quality signals; no data were ex- 
cluded. 

The Doppler data were interpreted by a single observer. 
Aortic systolic velocity was read from five consecutive 
complexes that varied no more than 1 mm on the hard 
copy paper. The highest value recorded from multiple 
views was reported. Aortic diastolic flow spectra were 
analyzed for maximal velocity and slope. Combined tech- 
nical and interpretative errors for measuring aortic systo- 
lic velocity in this study were less than 2% (coefficient of 
variation).? Ejection fraction was derived from left ven- 
tricular volumes calculated from planimetry of tracings 
from two apical orthogonal views-of left ventricular end- 
diastolic and end-systolic areas with the use of a Numon- 
ics digitizer (Numonics Corp., Lansdale, Pa.) and a 
biplane formula based on Simpson’s rule. Images were 
read by a single observer and were deemed analyzable in 
every patient. Endocardial echoes were graded good to 
excellent in 80% of the studies and fair in 20%. 

Maximal aortic systolic velocity was correlated with age, 
postoperative interval, postoperative left. ventricular ejec- 
tion fraction, valve model, and size. Means and standard 
deviations of maximal aortic velocity were calculated for 
each size valve for each of the four models. Regurgitant 
and nonregurgitant valves were analyzed separately and 
were then grouped if the means did not differ. Linear 
regression by least squares was used to describe the 
relationships between maximal aortic flow velocity and 
each clinical and prosthetic characteristic. Student’s t test 
was used to compare mean velocities of different size 
valves of the same model. A p value of <0.05 was 
considered statistically significant. 


RESULTS 


Table I characterizes the patients examined 
according to valve model. All were ambulatory and 
functioning well enough to come for the study 
without being inconvenienced by travel or symp- 
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Table Il. Aortic maximal velocity by valve model and size 








Size Starr-Edwards Bjork-Shiley 
21 2.81 + 0.98 
(4) 
22 4.00 + 0* 
(2) 
23 2.32 + 0.43 
(5) 
24 3.45 + 0.60 
(5) 
25 2.08 + 0.34* 
(4) 
26 3.00 + 0.24 
(5) 
27 1.86 + 0.13 
(5) 
29 1.87 + 0.18* 
(2) 
31 2.00* 
o) 
AR (%) 50 19 
Vel/Size 
r —0.998 —0.831 
p <0.0001 <0.001 
Size/Size 22 vs 26 23 vs 29 © 
p <0.001 <0.10 
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Model 
Carpentier-Edwards Hancock 
3.25 + 1.06 3.50* 
(2) (1) 
2.95 + 0.07 2.94 + 0.24 
(2) (3) 
2.76 + 0.56 2.36 + 0.37 
(5) (13) 
2.31 + 0.39 2.40 + 0.36ł 
(18) (11) 
242 + 0.44 2.23 + 0.04 
(11) (2) 
2.15 + 0.13t 2.00* 
(3) (1) 
22 22 
—0.969 —0.981 
<0.001 <0.001 
23 vs 29 23 vs 29 
<0.01 <0.02 





Entries are mean values of maximal aortic systolic velocities in meters per second + 1 standard deviation. Parentheses enclose the number of patients. 
AR (%) = incidences of aortic regurgitation; Vel/Size = correlation between the means of maxima! velocity and valve size; Vel 22 vs 26, etc. = comparison 


between mean maximal velocity for sizes 22 and 26, ete. 
*Data from competent valves only. 
{Data excluding regurgitant valves. 


Entries without asterisks or daggers are grouped data from competent and minimally regurgitant valves. 


toms. None were clinically suspected of having 
prosthetic dysfunction. Mean ejection fractions were 
normal and similar. The group with Starr-Edwards 
prostheses was smaller in numbers, older (p < 0.05), 
and had survived a longer postoperative interval 
(p < 0.001) than the other three groups; however, 
they were included in the regression analyses. For 
the entire group, no correlations were found between 
maximal velocity and age, postoperative interval, or 
postoperative left ventricular ejection fraction. 

A relationship between velocity and valve size did 
emerge, and in Table II and Fig. 1 maximal veloci- 
ties are summarized according to model and size. 
Velocities are the mean values of competent and 
regurgitant valves grouped together, if regurgitant 
values were not significantly higher; or velocities are 
the mean together for only competent valves if 
regurgitant values were higher. The mean velocities 
for two regurgitant Hancock size 27 valves and one 
regurgitant Carpentier-Edwards size 31 valve were 
higher and were deleted from Table II. Data are 
available for sizes 22 to 26 in patients with Starr- 


Edwards valves and for sizes 21 to 31 in the other 
three models. Patients with Starr-Edwards valves 
had higher aortic velocities, patients with Björk- 
Shiley prostheses had lower velocities, and patients 
with bioprostheses had velocities in between. The 
means range from <2 m/sec for the larger Bjérk- 
Shiley valves to 4 m/sec in the smallest Starr- 
Edwards valve. For each model, there was a signifi- 
cant negative correlation between the mean values 
of maximal aortic velocity to valve size; the smaller 
the valve size, the higher the maximal velocity. 
Comparing the mean maximal velocity of a larger to 
a smaller size within the same model revealed 
significant differences for every model except the 
Bjérk-Shiley, which showed lesser differences in 
mean velocities for all sizes. 

Fig. 2 illustrates the incremental increase in max- 
imal velocity across successively smaller sizes for the 
Hancock prosthesis. 

Sixteen patients with tissue valves (9 of 42 Car- 
pentier-Edwards valves and 7 of 32 Hancock valves) 
had aortic regurgitation by Doppler examination. 
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Diastolic murmurs, grade 1 to 3/6, were heard in 12 
of the 16. Diastolic maximal velocity and slope of the 
spectrum did not correlate with the presence or 
absence of a diastolic murmur. Regurgitation was 
detected by Doppler in 4 of 21 patients with Bjérk- 
Shiley valves and in 6 of 12 patients with Starr- 
Edwards prostheses. Of the 26 patients with regurgi- 
tation, only the three mentioned patients with bio- 
prostheses had maximal velocities significantly 
higher than those with competent valves of the same 
size. The two patients with size 27 Hancock valves 
had a mean velocity of 2.78 + 0.04 m/sec. The 
patient with the regurgitant size 31 Carpentier- 
Edwards valve had an aortic velocity of 3.06 m/sec 
and moderate regurgitation on physical examina- 
tion. 

Two-dimensional echocardiograms for the entire 
group revealed no recognizably abnormal echoes 
within and around the sewing rings, struts, and 
stents. Visualization of bioprosthetic leaflets by B- 
and M-mode echocardiography was successful in 
fewer than half of the patients and showed no 
obvious thickening or reduced excursion. 


DISCUSSION 


Skepticism about the accuracy of the Doppler 
technique to estimate pressure gradients across ste- 
notic native valves abated with accumulating experi- 
ence, and has been largely dispelled by favorable 
comparisons of simultaneous Doppler-catheter mea- 
surements across stenotic aortic valves in patients 
and animal models.** 

Gradients across mechanical prosthetic valves 
were first examined by Holen et al. who compared 
Doppler and manometric measurements of pressure 
drops across Bjérk-Shiley valves in the mitral posi- 
tion. Applying the modified Bernoulli equation and 
reconstructing instantaneous gradients showed that 
the Doppler-derived curves accurately registered 
phasic changes except for accelerative and decelera- 
tive changes, which were probably artifact from 
underdamped catheters.® Wilkins et al.’ further val- 
idated Doppler-derived gradients across mechanical 
disc-occluder, ball-occluder, and porcine tissue pros- 
theses in the mitral and tricuspid positions by 
showing excellent correlations between simulta- 
neous Doppler and catheter measurements. 

Weinstein et al. reported velocity gradients 
across the St. Jude Medical valve implanted in the 
mitral and aortic positions that were minimally 
higher but. significantly different from gradients in 
normal native valves. Maximal systolic velocity and 
prosthetic aortic orifice area showed a negative 
correlation (r = —0.81). , ; 
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AORTIC VELOCITY (m/sec) 





21 23 25 27 29 31 


VALVE SIZE (mm) 


Fig. 1. Maximal aortic velocity compared to valve size 
and model. Symbols and bars depict means + standard 
deviations. S-E = Starr-Edwards; C-E = Carpentier-Ed- 
wards; H = Hancock; B-S = Bjérk-Shiley. 


Williams and Labovitz® recorded Doppler mea- 
surements across Starr-Edwards, Bjérk-Shiley, Car- 
pentier-Edwards, and Hancock valves in 123 clini- 
cally normal, asymptomatic subjects to determine 
normal aortic and mitral velocity gradients. By 
means of Doppler criteria, 11 other significantly 
stenotic and/or regurgitant prostheses were identi- 
fied and confirmed at catheterization or surgery. 
Aortic systolic gradients in different-sized Björk- 
Shiley and porcine valves showed a weak negative 
correlation (r = —0.35), in part due to scatter and 
small numbers. 

Sagar et al. studied 50 patients with clinically 
normally functioning Bjérk-Shiley and Hancock 
valves to define normal characteristics, and studied 
46 patients with clinically abnormal valves who 
subsequently underwent cardiac catheterization to . 
determine the accuracy of the method for detecting 
malfunction. Doppler and catheter transprosthetic 
gradients for both models showed a positive correla- 
tion of r = 0.93 for both mitral and aortic positions. 
Doppler and angiographic detection and grading of 
significant regurgitation compared well, but ultra- 
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Fig. 2. Representative aortic spectral signals across Hancock prostheses of different sizes. m/sec = me- 


ters per second; mm = millimeters. 
Valve size (mm): 31 29 27 25 23 21 
Peak gradient (mm Hg): 13 20 23 29 38 44 


sound was more sensitive for minimal regurgita- 
tion.” 

Panidis et al.” studied 136 patients with clinically 
normally functioning St. Jude Medical, Björk- 
Shiley, Beall, Starr-Edwards, and three different 
tissue prostheses placed in the aortic, mitral, and 
tricuspid positions, to compare flow characteristics. 
Sixty percent of the valves were St. Jude Medical 
models that showed the lowest gradient in the aortic 
position and the largest estimated orifice in the 
mitral location. In 17 other patients with prosthetic 
malfunction proved by catheterization, surgery, or 
autopsy, Doppler ultrasound correctly identified 
significant obstruction or regurgitation." 

In a preliminary report, Bhatia et al.” found 
unusually high velocities across mechanical and 
porcine valves in a third of patients examined less 
than 6 weeks postoperatively. They found no rela- 
tion to valve size, stenosis, or regurgitation. These 
findings need confirmation before any questions can 
be posed. 

Our patients were representative of most well 
functioning postoperative patients, in whom differ- 
ent aortic prosthetic valves of all sizes were judged 
to be performing normally. For each model, trans- 
valvular maximal velocities showed a significant 
inverse relation to valve size and relatively small 
intersubject differences, and thus these velocities 
were able to distinguish smaller from larger valves. 
Why variances in cardiac output and regurgitation 
did not produce more scatter of the data is partly 
answered by the reproducibility of our technique’ 
and partly by the comparable ages, ejection frac- 
tions, and postoperative intervals among three of 
the prosthetic groups. Three regurgitant valves were 


deleted from the final analysis on a statistical basis, 
but affected only 2 of 21 models and sizes. Why we 
encountered so little pathology could be due to the 
relatively long interval between surgery and study, 
past the time of early prosthetic complication and 
left ventricular failure and before the time degener- 
ative changes are expected in tissue valves. Per- 
haps noteworthy is that the three regurgitant valves 
with significantly higher gradients were porcine 
heterografts. 

Comparing our absolute values with those report- 
ed and summarized in Table III, we find our gradi- 
ents falling within the spread reported by other 
laboratories. Data specific for Carpentier-Edwards 
valves were not identified in these reports; however, 
our data indicate that Doppler characteristics for 
the two porcine models are very similar, size for size. 
For model 2400 of the Starr-Edwards valve, neither 
in vivo nor in vitro hydrodynamic data were avail- 
able for comparison, but our 2400 data did fall 
between catheter-measured gradients reported for 
two predecessors, models 2300 and 2310." 

- To assess further the accuracy of our data, we 
compared them to publish invasive measurements. 
For sheer numbers of patients examined at cardiac 
catheterization within a narrow postoperative inter- 
val of 6 to 12 months, data from the Veterans 
Administration (VA) Cooperative Study of the Han- 
cock and Björk-Shiley valves provide a valid com- 
parison.! Our maximal systolic gradients estimated 
from application of the modified Bernoulli equation 


` (four times the square of maximal velocity) were 


compared by valve size to the VA study’s peak- 
to-peak systolic gradients and were found to be 
higher by an average of 12.5 mm Hg. Simultaneous 


+ 
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Table Ill. Aortic prosthetic velocity gradients from other reports 











Ref. n Size Starr-Edwards* 
9 6 nsp 2.0-3.5 
11 4 nsp 3.0-3.3 
11 4 19 
11 6 21 
11 14 23 
11 9 25 
8 7 21-29 
12 15 nsp 
9 3 21 
9 5 23 
10 6 23 
10 9 25 
10 5 27 
9 4 27 
9 2 29 
9 33 nsp 
il 8 nsp 
12 20 nsp 
9 6 23 
10 7 23 
10 10 25 
10 5 27 
9 27 nsp 
11 9 nsp 
12 65 nsp 
AR (%) 33-75 


Valve type 
St. Jude Medical Björk-Shiley Porcine 
2.1-3.9 
1.8-2.9 
1.0-3.3 
1.5-3.0 
0.9-3.0 
1.2-4.0 . 
1.9-2.5 
1.8-3.0 
2.5-3.2 
1.5-2.7 
1.2-2.5 
2.0-2.8 
1.9-2.4 
1.0-3.1 
1.8-3.0 
1.2-4.0 
1.9-3.0 
1.8-2.5t 
1.7-2.2 
1.5-2.3t 
1.0-3.0 
1.8-3.6 
1.8-4.1 
20-58 17-62 22-44 








Data are from references 9 through 12 and were taken directly from tables or extrapolated from graphs. Velocities were converted from pressures using 
V = square root of P/4. Entries are in meters per second and represent ranges or means + 2 standard deviations. 
AR (%) = incidences of aortic regurgitation; n = number of patients; nsp = size not specified; Ref = reference number. 


*Model number not specified. 
tHancock only. 


comparisons of Doppler maximal gradients and 
catheter peak-to-peak gradients recorded in 
patients with aortic stenosis’ and in a canine modelë 
revealed linear regressions with slopes near unity 
and intercepts on the Doppler ordinate of +13.7 and 
+12.6 mm Hg. 

Thus, the accuracy of our measurements is sup- 
ported by the ultrasound and catheterization litera- 
ture. The significance of our data is that they extend 
the preceding observations over a longer range of 
valve sizes, and’ despite some small numbers, the 
internal consistency of the inverse relation between 
velocity and size for each model provides a relative 
reference and guide for evaluating prosthetic gradi- 
ents, especially those without baseline measure- 


ments. Sequential examinations would then deter- 


mine the reliability of any single evaluation. 

The Doppler detection of regurgitation in this 
study proved to be more sensitive than auscultation, 
as others have consistently found. We did not map 
the regurgitant velocities, which perhaps accounts 


for our incidences of regurgitation being slightly 
lower, 19% to 50%, than those reported, i.e., 17% to 
62%.° The high detection rates by Doppler of 
minimal regurgitation across clinically competent 
prosthetic valves and the even higher incidences of 
regurgitation (33% to 96%) reported in normal 
native valves” reflect either an exquisitely sensitive 
technique and/or suggest an obligatory amount of 
leak with the closure of any valve. The variability of 
detection depends on hydrodynamic factors, with 
higher blood pressure, faster heart rate, and lower 
cardiac output increasing aortic regurgitation’ 
and technologic factors affecting the transmission 
and reflection of ultrasound through tissue. Transe- 
sophageal color-flow scanning invariably demon- 
strates minimal regurgitation around the leaflets of 
the mitral St. Jude Medical valve, whereas transcu- 
taneous scanning in the same patients fails to show 
regurgitant jets in every case. 

Of further significance for the methodology is that 
reproducible Doppler spectra can be recorded from 
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widely differing velocity profiles: Tissue valves 
produce central jets with unequal double-peaked 
profiles due to cuspal inequality.” The asymmetric 
tilt of the Bjérk-Shiley disc creates a major and a 
minor flow, each with its vortex formation.“ The 
central occluder of the Starr-Edwards prosthesis 
produces a profile with low axial velocity and behind 
the poppet, the formation of multiple vortices.” 
Thus, the measurement of transprosthetic maximal 
velocity by continuous wave Doppler ultrasound 
appears to be independent of the velocity profile. 

What is dependent on the velocity profile is the 
appropriateness of applying the modified Bernoulli 
equation to the estimation of pressure gradients 
across prosthetic valves in the aortic position. The 
equation requires a Doppler beam parallel with lines 
of flow during flow time, negligible viscous friction, 
and a trivial proximal velocity, all potentially affect- 
ed by flow patterns induced by the prosthetic 
design. The valve occluders change and split the 
direction of flow, create turbulence, and increase 
viscous resistance. The sewing rings perhaps change 
the converging flow in the outflow tract. Sagar et 
al. described an overall good correlation between 
catheter and Doppler-derived gradients across aor- 
tic Hancock and Bjérk-Shiley valves, suggesting 
that the conditions of the modified equation were 
met. However; the small gradients were overesti- 
mated, also suggesting that the ventricular outflow 
tract velocity cannot be ignored. Williams and Labo- 
vitz? were the only investigators to subtract left 
ventricular outflow velocity from aortic velocity in 
deriving prosthetic gradients, and their absolute 
values do not appear to differ from the rest (refer- 
ence 9-in Table III). For each laboratory, whether to 
ignore the proximal velocity and whether to correct 
for the angle of incidence, etc., need to be addressed. 
However, as a practical matter for serial examina- 
tions, the absolute value of a small gradient is less 
important than reproducing that gradient, and tak- 
ing the difference between two measurements is 
likely to introduce variability. 

The usefulness of quantitative Doppler ultra- 
sound ultimately depends upon its reproducibility. 
In a study performed with some of these same 
patients, the critical factor in measuring aortic flow 
velocity reproducibly was to ensure that the highest 
recordable value was obtained by recording from 
more than one transducer window.’ Since interpre- 
tative skills are not demanding, total methodologic 
- variability was contained at 2% to 3%, which 
allowed us to quantitate a biological drift of 4% to 
5% over a month’s interval. With this consistency, 
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the appearance of only a 10% change in maximal 
aortic velocity would be readily detectable. 


The authors thankfully acknowledge assistance from Ruth 
Alejos and statistical consultation with James Kinney. 
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Reproducibility of quantitative two-dimensional 


echocardiography 


in order to assess reproducibility of quantitative planimetry, three physicians trained in 
two-dimensional echocardiography performed five successive studies on one another over 2 
weeks (30 total studies). Then each physician traced each study (90 totai tracings) for left 


ventricular and atrial volumes and ejection fraction by means of a modification of Simpson’s rule, 
and left ventricular mass and average wall thickness by means of a truncated ellipsoid formula. - 
Calculation of intertechnician variability, intertracer variability, and 95% confidence limits showed 


that measurements of volumes were less reproducible than measurements of ejection fraction, 
average wall thickness, and mass. Mean intertracer variability of 15% exceeded mean 
intertechnician variability of 11%; this disparity was magnified in the subject who was technically 
difficult to image. Ninety-five percent confidence limits were: ejection fraction + 7%, average 
wall thickness + 9%, left ventricular mass + 12%, left ventricular end-diastolic volume + 11%, 
stroke volume + 14%, left ventricular end-systolic volume + 15%, and left atrial volume + 19%. 
Reproducible planimetry data can be obtained in normal hearts with the use of a protocol for 
quantitative imaging and planimetry. (Am Heart J 1988;115:425.) 
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Although two-dimensional echocardiographic mea- 
surements of left ventricular volume and mass have 
been shown to correlate well with angiographic and 
autopsy measurements, the reproducibility of these 
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measurements remains undefined. In order to assess 
whether changes in cardiac morphology over time 
are significant, it is important to know the day- 
to-day variability of the measurements. Sources of 
variability include changes in patient hemodynam- 
ics, differences in image acquisition, and disparity in 
image tracing and measurement techniques. To 
determine the contribution of each of these factors 
to overall variability in normal subjects, three physi- 
cians trained in echocardiography and quantitative 
planimetry performed successive two-dimensional ` 
echocardiograms on one another over a 2-week 
period. i 
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Fig. 1. Components of the truncated ellipsoid formula for left ventricular mass are illustrated. A, Apical 
view of the left ventricle portrayed as an ellipsoid. LI = length of the semi-major axis of the inner ellipsoid; 
L2 = length of the truncated semi-major axis of the inner ellipsoid; AWT = average wall thickness. 
B, = Parasternal short-axis view of the left ventricle at the level of the papillary muscles. AJ = left 
ventricular epicardial area; A2 = left ventricular endocardial area. 


METHODS 


Image acquisition. Three physicians performed five 
successive studies on one another over 11 days for a total 
of 30 studies; each subject was studied by both technicians 

’ on the same day. Echocardiographic studies were done 
between 8 A.M. and 10 A.M. on an Irex Meridian echocar- 
diograph (Johnson & Johnson Ultrasound Inc., Ramsey, 
N.J.) that used a 3.0 MHz transducer. Blood pressure was 
checked in the supine position and ECG leads were 
connected before each study. Beds were made horizontal 
and subjects were positioned in the 90-degree left lateral 
decubitus position, with the left hand tucked under the 
head. Technicians were seated at the subject’s left side. A 
wedge-shaped section of the mattress was removed for 
transduceer accessibility and was placed behind the 
patient for support. During the study, the gains were 
optimized to enhance the endocardial image, chamber 
sizes were maximized, and respiration was suspended at 
mid-expiration before- recording 10 beats in each view. 
Views included the parasternal short-axis view of the left 
ventricle (LV) at the papillary muscle tips, apical two- and 
four-chamber views of the LV, and apical two- and 
four-chamber views of the left atrium (LA). Each study 
was performed on a separate tape and was assigned a 
random number so that tracing would be as blinded as 
possible to both technician and subject. 

Tracing technique. A commercially available light-pen 
digitizing system (Diasonics, Milpitas, Calif.) was used for 
all tracings. Heart rate was determined from the simulta- 
neous ECG record on the video monitor. Each physician 
traced all 30 studies for a total of 90 tracings. 

The following measurements were performed by all 
tracers: LV mass, length, short-axis epicardial and endo- 
cardial areas, end-diastolic and end-systolic volumes, 
stroke volume and ejection fraction, and LA volume. A 
truncated ellipsoid formula was used to estimate LV mass 
(LVM).!? This method determines myocardial wall vol- 
ume by subtracting concentric truncated ellipsoids; vol- 
ume is then multiplied by the density of myocardium (1.05 
gm/cc) to yield LV mass. Total LV length was measured in 


the four-chamber view from the middle of the atrioven- 
tricular groove to the apex. For the ellipsoid formula (Fig. 
1), this length was the sum of the lengths of the semi- 
major axis of the inner ellipsoid (L1) and the truncated 
semi-major axis of the inner ellipsoid (L2). LV length was 
also measured in the two-chamber view for comparison to 
four-chamber length. Average wall thickness (AWT) was 
determined by the geometric subtraction of LV short-axis 
epicardial area (A1) and endocardial area (A2) at the tips 
of the papillary muscles (Fig. 1). Papillary muscles were 
excluded from the planimetered LV chamber. 

-LV volumes were measured with an application of the 
biplane Simpson’s Rule.** Left ventricular end-diastolic 
volume (EDV), end-systolic volume (ESV), stroke volume 
(SV), and ejection fraction (EF) were calculated from the 
apical two- and four-chamber views. Left atrial volume 
(LAV) at end systole was also measured from these views. 
End-diastolic volumes were traced at the peak of the R 
wave of the ECG, or just after mitral valve closure. 
End-systolic volumes were traced at the frame preceding 
mitral valve opening. 

Statistical analysis 

Intertechnician variability. For studies measured by a 
given tracer, differences in measurements among techni- 
cians were analyzed. For each subject, tracings done on 
studies performed by one technician were compared to 
tracings done on studies performed by the other techni- 
cian. Intertechnician variability was then calculated by 
averaging the percentage difference between tracing mea- 
surements for all three subjects. 

Intertracer variability. For studies performed by a 
given technician, differences in measurements among the 
three tracers were analyzed. For each technician, the 
percentage difference in measurement values among all 
three tracers was computed. Intertracer variability was 
then calculated as the average of these percentage differ- 
ences in measurement values for all three technicians. 

Data were also analyzed by linear regression analysis. 
Coefficients of correlation were calculated for paired 
samples of EDV with heart rate, and EF with mean blood 
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Table |. Intertracer and intertechnician variability 
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Intertracer Variability (%) 





Subject 
Measurement R J M 
EF 8 6 7 
LVM 4 12 8 
AWT 10 15 7 
EDV 16 33 7 
ESV 16 14 14 
SV 20 45 H 
LAV 6 19 13 
Mean 11 23 10 





Echocardiographic measurements are displayed by subject. 


Intertechnician variability (%) 





Subject 
Mean R J M mean 
7 4 4 7 5 
8 4 8 9 7 
8 4 7 3 5 
19 9 17 5 10 
15 18 22 14 18 
25 6 17 ll 11 
13 34 14 14 21 
15 


il 13 9 il 





EF = ejection fraction; AWT = average wall thickness; EDV = end-diastolic volume; LVM = left ventricular mass; SV = stroke volume; ESV = end-systolic 


volume; LAV = left atrial volume. 


pressure. Mean blood pressure was defined as diastolic 
blood pressure plus one third of the pulse pressure. 
Correlation was determined for all paired measurements 
from the first to the fifth study in each series of five 
studies, from the first to the second study, and from the 
fourth to the fifth study. Also, correlation was computed 


for LVM with each of the basic components of the . 


truncated ellipsoid formula. Ninety-five percent confi- 
dence limits (defined as 1.96 times the standard deviation 
divided by the square root of 5, the number of studies 
done on each subject by each technician) were computed 
for each measurement for all technicians and tracers and 
were expressed as a percentage of the mean. 


RESULTS 


Vital signs. Variations in heart rate and mean 
blood pressure from day to day did not significantly 
affect measurements of EDV and EF, respectively. 
For all three subjects, heart rate was 64 + 6 bpm 
(mean + standard deviation), with a range from 56 
to 78 bpm. Mean systolic blood pressure was 97 + 
20 mm Hg, diastolic blood pressure was 54 + 6 mm 
Hg, and mean blood pressure was 69 + 6 mm Hg 
(range 60 to 88 mm Hg). Coefficients of correlation 
were —0.10 for heart rate to EDV, and 0.26 for mean 
blood pressure to EF (both p values >0.05). 

Image quality. Body habitus had an important 
influence on the technical ability to acquire echocar- 
diographic images. Subject R was tall and thin and 
yielded excellent parasternal short-axis images. The 
apical impulse on subject M was easily palpable, and 
he provided the best apical views. Subject J had a 
thick chest wall and was difficult to image in all 
views. The small atria in subjects R and J were 
difficult to display, while the larger atria in subject 
M were easily imaged. 

Technician and tracer variability. Intertechnician 


Table ll. Ninety-five percent confidence limits 


95% 
confidence limit Best series* Worst series* 
EF 7 3 10 
AWT 9 6 24 
EDV il 6 17 
LVM 12 3 32 
SV 14 6 28 
ESV 15 6 27 
LAV 19 7 29 
Mean 12 6 24 


Abbreviations as in Table I. 

*Best series and Worst series refer to the lowest and highest 95% 
confidence intervals, respectively, for a series of five studies done on one of 
the three subjects. : 


and intertracer variabilities were determined for 
each subject and measurement (Table I). Overall, 
mean intertracer variability was 15%, which 
exceeded the mean intertechnician variability of 
11%. EF, LVM, and AWT showed the lowest vari- 
ability values, while volume measurements showed 
the highest values. For ESV and LAV, intertechni- 
cian variability was greater than intertracer variabil- . 
ity. However, for most measurements (EF, LVM, 
AWT, SV, and EDV), intertracer variability ex- 
ceeded intertechnician variability. This difference 
was exaggerated for subject J, who was the most 
technically difficult to image. For this subject, inter- 
tracer variability was 23%, while intertechnician 
variability was 13%. The most reproducible volume 
measurements were done on subject M, who had 
superior apical views. The most reproducible mass 
and wall thickness measurements were done on 
subject R, who had excellent parasternal views. 
Ninety-five percent confidence intervals were cal- 
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Tabie Ill. Variability of measured components of the 
truncated ellipsoid formula for LVM 








95% 
confidence LVM 
Component Mean S.D. limit correlation 
L1 5.4 cm 0.7 11% — 
L2 2.9 0.6 18% — 
LI + L2 7.5 0.8 9% r= 0.30 
Al 35.1 cm? 4.1 10% r = 0.62 
A2 16.8 2.7 14% r = 0.54 
Al — A2 18.0 3.2 16% r = 0.70 





LVM correlation = coefficient of correlation for the component of the 
truncated ellipsoid formula with left ventricular mass; S.D. = standard 
deviation; Al = short-axis left ventricular epicardial area; A2 = short-axis 
eft ventricular endocardial area; L1 = length of the semi-major axis of the 
inner ellipsoid; L2 = length of the truncated semi-major axis of the inner 
ellipsoid. 


culated for each measurement (Table II). In increas- 
ing order, the results were: EF + 7%, AWT = 9%, 
EDV +11%, LVM + 12%, SV +14%, ESV + 
15%, and LAV + 19%; overall, the mean of these 
confidence limits was 12%. Again, volume measure- 
ments were less reproducible than other measure- 
ments. EF and AWT were the most reproducible 
measurements, while LAV and ESV were the least 


reproducible measurements. Ranges of lowest to _ 
highest confidence intervals for a series of five _ 


studies performed by one technician on one subject 
were EF (3% to 10%), AWT (6% to 24%), EDV 
(6% to 17%), LVM (3% to 32%), SV (6% to 28%), 
ESV (6% to 27%), and LA (7% to 29%). Overall, 
the mean of the lowest 95% confidence limits was 
6%, and the mean of the highest 95% confidence 
limits was 24%. 

To determine whether reproducibility improved 
during the course of the study (ie., a “learning 
curve” phenomenon), coefficients of correlation 
were compared for paired measurements done by 
the same tracers and the same technicians between 
all first and second studies and between all fourth 
and fifth studies. These coefficients were rj. = 0.95 
and ra = 0.93, respectively. To assess temporal vari- 
ability, similar coefficients of correlation were com- 
pared for measurements between first and second 
studies (mean 3 days apart) and between first and 
fifth studies (mean 9 days apart). These values were 
rı = 0.95 and r,; = 0.90, respectively. 

In order to determine the major sources of varia- 
tion in LVM calculations, all basic component mea- 
surements of the truncated ellipsoid formula were 
analyzed (Fig. 1). These measurements were short- 
axis LV epicardial area (A1), short-axis LV endocar- 
dial area (A2), apical four-chamber length of the 
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semi-major axis of the inner ellipsoid (L1), and 
apical four-chamber length of the truncated semi- 
major axis of the inner ellipsoid (L2). Means, stan- 
dard deviations, and 95% confidence intervals are 
shown in Table III. Also depicted are the correla- 
tions between LVM and total LV length (L1 + L2) 
and between LVM and the difference of short axis 
areas (A1 — A2). By 95% confidence limits, endocar- 
dial areas (A2) were less reproducible than epicardi- 
al areas (A1), and truncated semi-major axes (L2) 
were less reproducible than semi-major axes (L1). 
LVM correlated modestly well with Al- A2 
(r = 0.70), fairly well with Al or A2 separately 
(r = 0.62 and 0.54, respectively), and poorly with 
L1 + L2 (r = 0.80). 

To determine whether two- and four-chamber 
apical views of the LV were effectively maximized 
during imaging, measured LV lengths in the four- 
chamber view were compared to those in the two- 
chamber view. Mean two-chamber length was 8.1 
cm, which exceeded the mean four-chamber length 
of 7.5 cm. The average percentage difference in 
length was 5.3% (range 0% to 14%); 14% of cases 
had a discrepancy in length of greater than 10%. 


DISCUSSION 


LV EF, volumes, and mass determined by two- 
dimensional echocardiography have been shown tc 
correlate closely with autopsy and with simulta- 
neous cineangiographic and radionuclide tech- 
niques.?:*°3 Although echocardiography underesti- 
mates LV volumes determined by angiography (due 
in part to exclusion of intertrabecular volume), this 
effect has been minimized with improvements in 
ultrasonic beam width, tracing methods, transducer 
position, and scan plane orientation within the 
ventricle. Since echocardiography is safe and easy 
to perform, it has become the procedure of choice for 
following cardiac morphology in patients with a 
variety of heart diseases. Two-dimensional echocar- 
diography provides a more accurate and comprehen- 
sive assessment of LV geometry than M-mode echo- 
cardiography, but the measurement techniques are 
newer and less well established. _ 

In order to determine whether observed changes 
in cardiac morphology over time are significant, it is 
important to know the intrinsic variability of the 
measurements employed in an individual patient. 
Angiographic studies’** of reproducibility of LV 
volumes have shown a variation of 3% to 15% from 
beat-to-beat and a variation of 10% to 87% between 
sequential ventriculograms. Serial radionuclide 
studies! have shown a similar range of variability 
for EF, especially in patients with normal hearts. 
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In two-dimensional echocardiography, previous 
investigators have demonstrated an interobserver 
variability of 23% for LV EDV, 33% to 62% for 
ESV, 12% to 46% for EF, and 49 gm for LVM.*”*8 
Gordon et al.” found 95% confidence limits of 10% 


‘ for EF, 15% for LV EDV, and 25% for ESV in a 
‘series of 30 subjects. However, echocardiograms 


were done only twice in each patient. Group data for 
that study showed that mean population changes of 
2% for EDV and 5% for ESV would be significant. 
Computer-assisted endocardial surface identifica- 
tion may improve reproducibility of volume mea- 
surements in normal subjects.” _ 

In this study, we have established the variability 
of serial two-dimensional echocardiographic mea- 


_ surements in three normal subjects over a 2-week 


period. We applied measurement techniques rou- 
tinely utilized for clinical studies in this laboratory. 
The truncated ellipsoid formula for LVM has been 


validated in litter-matched dogs after aortic band- 


ing! and in a normal population.? The biplane 
Simpson’s rule method for LV volumes has been 
shown to be superior to M-mode, single-plane area- 
length, and biplane area-length methods by cor- 
relation with angiography. The determination 
of LV and LA volumes by Simpson’s rule has 
also been studied in normal populations in this 
laboratory.** 

We determined the E EN of gubiectst vital 
signs, image acquisition, and tracing technique to 
overall variability. Day-to-day variations in heart 
rate and mean blood pressure were small and did not 
significantly affect measurements of EDV and EF, 
respectively. The quality of image acquisition 


. depended on the physical attributes of the subjects, 


and had an important influence on both intertechni- 
cian and intertracer variability. Overall, mean inter- 
tracer variability of 15% exceeded mean intertech- 
nician variability of 11%. This discrepancy was 
accentuated in the subject who was difficult to 
image: For most individual measurements as well 
(EF, LVM, AWT, SV, and EDV), intertracer vari- 
ability exceeded intertechnician variability. Only for 
ESV and LAV was intertechnician variability great- 
er than intertracer variability. In the case of LAV, 
this trend may have been due to loss of lateral 
resolution and increased gain dependency of struc- 
tures at greater field depths. That differences in 
tracing results were less reproducible in serial 
studies than differences in image acquisition con- 
firms an earlier M-mode report by Felner et al.,* 
who found that relatively little echocardiographic 
variability could be attributed to technicians. 

EF, LVM, and AWT were the most reproducible 
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measurements, while volume measurements (EDV, 
ESV, SV, and LAV) showed the most variability. 
Ninety-five percent confidence limits showed a sim- 
ilar trend, except that LVM showed relatively more 
variability by this type of investigation. Regression 
analysis of paired samples of the basic components 
of the truncated ellipsoid formula with LVM 
revealed that LV short-axis areas have more influ- 
ence on LVM results than does total LV length. 
Since short-axis endocardial area was more variable 
than epicardial area, it follows that the former was 
probably the component of the truncated ellipsoid 
formula responsible for the most variability in LVM. 
Despite the fact that both EF and SV derive from 
EDV and ESV measurements, EF was much more 
reproducible than SV, probably because consistent 
errors in tracing or imaging cancelled out for EF, but 
not for SV. 

LAV and ESV showed the highest intertechnician 
and intertracer variabilities and the largest 95% 
confidence limits. Our study confirnis earlier reports 
that the echocardiographic measurement of ESV is 
less reproducible than EDV, despite theoretically 
better visualization of the endocardium with systolic 
compression of trabeculae.” This difference may 
reflect the small size of the systolic chambers. An 
error in foreshortening or in tracing a small cham- 
ber results in a higher variability than a similar 
error with a large chamber, since the error is di- 
vided by the chamber size. In fact, standard de- 
viations for LAV and ESV (which are not correct- 
ed for chamber size) were similar to those for EDV 
and SV. 

LV chambers were effectively maximized, with 
only 14% of studies showing a greater than 10% 
discrepancy between apical two- and four-chamber 
LV lengths. Reproducibility remained high and con- 
stant throughout the course of the study; no “learn- 
ing curve” phenomenon or significant temporal vari- 
ability were demonstrated. 

Conclusions and recommendations. This study has 
shown that strict adherence to quantitative two- 
dimensional echocardiographic imaging and tracing - 
techniques can produce measurements of volumes 
and mass in normal subjects that are comparable to 
nuclear and angiographic methods in reproducibili- 
ty. Our protocol included subject position in the 
extreme left lateral decubitus, operator position to 
the patient’s left, mattress design for transducer 
accessibility, suspension of respiration, maximiza- 
tion of chamber sizes, optimum gain settings, use of 
the same echocardiograph throughout the study, 
and full tape review for endocardial motion prior to 
careful tracing. 
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The modified biplane Simpson’s rule method for 
LV and LA volumes and the truncated ellipsoid 
formula for LVM demonstrate reproducibility that 
is useful for following individual- clinical patients. 
With the use of the 95% confidence limits, a signif- 
icant change in morphology for a particular patient 
can be determined. For example, a woman with 
average quality parasternal short-axis views and a 
baseline LVM of 100 gm develops hypertension. 
Two years later, repeat echocardiogram by another 
technician with measurement by a second tracer 
reveals that LVM is now 125 gm. Although still 
within the normal range for women, this 25% 
increase in LVM is beyond the variability of the 
method and thus is clinically significant. For very 
high or low quality images, a relatively smaller or 
greater confidence limit may be applied (8% and 
32%, respectively; see Table II). To evaluate a group 
of hypertensive subjects over. time for changes in 
LVM, a smaller confidence limit appropriate for 
group data would be employed.” 


Previous studies in two-dimensional echocardio-. 


graphy and nuclear gated blood pool imaging” 
have shown that measurement variability is greater 
in normal than in abnormal hearts. However, fur- 
ther studies to determine reproducibility in abnor- 
mal hearts with the use of these methods are needed. 
Confidence limits and variability in our study were 
similar to or smaller than those of earlier two- 
dimensional echocardiography reports.” Al- 
though the number of subjects studied was small, we 
analyzed and compared the reproducibility of a wide 
range of measurements including LVM and AWT, 
repeated the studies often, and did not exclude any 
outlying data points from analysis. 

In addition to our protocol for quantitative imag- 
ing, we propose several recommendations to im- 
prove two-dimensional echocardiographic reproduc- 
ibility. First, in the determination of LVM by the 
truncated ellipsoid formula, endocardial area mea- 
surements should be repeated several times and 
averaged to minimize tracing errors. Second, in the 
calculation of both LVM and LV volumes, LV 
lengths in the apical two- and four-chamber views 
should be measured on-line and compared. Maxi- 
mum LV length should be used for the LVM 
measurement. If two- and four-chamber lengths 
differ by more than 10%, then the technician has 
foreshortened the smaller ventricle and futher imag- 
ing is indicated to rectify this. Third, for patients 
who are difficult to image, multiple beats should be 
analyzed and gain settings and transducer positions 
should be recorded and replicated in order to mini- 
mize variability from one study to the next. 
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Dipyridamole cardiac imaging 


Abdulmassih S. Iskandrian, M.D., Jaekyeong Heo, M.D., Alan Askenase, M.D., 
Bernard L. Segal, M.D., and Natalie Auerbach, R.N. Philadelphia, Pa. 


Strauss and Pitt! observed a decade ago that adeno- 
sine-induced changes in coronary blood flow in 
zones subserved by stenosed coronary vessels in dogs 
could be imaged externally with thallium-201. Since 
then, pharmacologically-induced coronary vasodila- 
tation with dipyridamole has been increasingly used 
in the detection of coronary artery disease in con- 
junction with thallium-201 imaging, radionuclide 


angiography, and two-dimensional echocardiogra- ` 


phy. This report will summarize the recent develop- 
ments in this field: 


BACKGROUND INFORMATION 


Myocardial imaging during pharmacologic coro- 
nary vasodilation was first described by Gould et 
al? in experimental animals and in man and 
subsequently by Ritchie et al. These studies, how- 
ever, required coronary arteriography as well as 
intracoronary injection of contrast material as the 
stimulus for coronary vasodilatation; intracoronary 
injection of technetitum-99m macroaggregated albu- 
min was used as the agent for imaging. The need for 
an invasive procedure limited the clinical applicabil- 
ity of this approach. Subsequently, xenon-133 was 
used to measure the coronary blood flow during the _ 
infusion of isoproterenol. The regional localization 
of the perfusion abnormality was initially not possi- 
ble because precordial counting probes were used to 
record myocardial clearance curves. Later, images of 
xenon-133 clearance during coronary vasodilation 
caused by intracoronary injection of contrast mate- 
rial were possible.” The results of this study did not 
prove to be very useful in establishing the diagnosis 
of coronary artery disease in individual patients.” 

It appears that the specific type of coronary 
vasodilator does not appear to be of critical impor- 
tance as long as the agent has a selective action on 
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the coronary arteries, has an insignificant systemic 
effect, and has an effect that lasts for at least 3 
minutes to permit the thallium extraction from the 
systemic circulation. Experimentally, contrast mate- 
rial, papaverine, adenosine triphosphate, and intra- 
coronary nitroglycerin and temporary coronary 
occlusion have provided satisfactory stimuli for cor- 
onary vasodilation. 

The basic physiologic requirements for any meth- 
od for assessing the coronary flow reserve are: first, 
the use of a powerful stimulus for increasing coro- 
nary flow so as to maximize the regional perfusion 
abnormalities; and second, the relative proportion- 
ality of myocardial uptake of the imaging agent in 
relation to the flow, especially at high flow rates of at 
least four times the resting levels. Therefore, an 
agent whose uptake is not related to flow will be 
insensitive for detecting mild stenosis. However, an 
agent whose myocardial uptake is linearly related to 
flow will be most sensitive in delineating the pres- 
ence of inhomogeneity in the perfusion pattern.’ 
The myocardial uptake of thallium-201 is propor- 
tional to the flow at resting levels but at high levels, 
which are necessary to assess the reserve, the thalli- 
um uptake may not be proportional to flow. It 
appears that at high flow rates, the extraction of 
thallium decreases. Thus, although the myocardial 
uptake of thallium increases as coronary flow 
increases (regardless of the stimulus), the increase in 
myocardial thallium uptake is not linear to the 
increased flow at high flow rates. Most commonly at 
high flow rates, the thallium uptake increases by 
approximately one half of the increase in the coro- 
nary flow. 

Gould et al.? found that in dogs the increase in 
coronary blood flow above the resting level is signif- 
icantly greater with dipyridamole than with exer- 
cise. In elegant studies, Gould et al. found that dogs 
running on a treadmill at 12.8 km/hr for 10 minutes 
on a 10-degree incline had an increase of coronary 
flow of 100% to 150%.? This level of exercise. is 
approximately equivalent to stage 6 or 7 of the 
Bruce protocol for maximal treadmill stress testing 
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in man. On the other hand, coronary vasodilation 
with dipyridamole produced a fourfold increase in 
the coronary blood flow. The relation of treadmill 
stress test in dogs to treadmill stress test in man is 
not clear. Messer et al.” found an average increase of 
30% in coronary blood flow during treadmill exer- 
cise testing in man; Parker et al.“ found an average 
77% increase; Knoebel et al found a 100% 
increase, and increases of up to 200% above the 
control resting value have been reported® in normal 
subjects. It is obvious that methodologic limitations 
for precise measurement of the coronary flow during 
exercise conditions in man have contributed to the 
uncertainty in the results. 

The experimental results in dogs can be summa- 
rized as follows.? (1) Dipyridamole produces a great- 
er increase in coronary flow than treadmill exercise 
testing. (2) The degree of myocardial uptake of 
technetium-99m macroaggregated albumin, an 
agent that is entirely flow-dependent in its distribu- 


tion, is greater than that of thallium during compa-. 


rable degrees of coronary vasodilatation induced 
with intravenously administered dipyridamole. 
Therefore, an imaging agent that is distributed in 
the myocardium in proportion to flow will result in 
better myocardial images than an agent that is not 
taken up in proportion to flow, especially at high 
flow levels of four or five times the baseline level. (3) 
There is a poor correlation between thallium uptake 
measured with external imaging and the increase in 
coronary flow for flow levels of four times the resting 
value; the scatter is such that an estimation of the 
change in coronary flow from the thallium uptake is 
not possible. (4) A ratio of coronary flow in the 
normal to the diseased vessel of approximately 2.5 to 
1.0 is necessary to cause a definite abnormality in 
thallium planar images. (5) Abnormal images are 
associated with stenosis gradients and reduced dis- 
tal coronary pressures at peak coronary vasodilation 
when thallium-201 is injected. (6) The severity of 
coronary stenosis is best defined in terms of the 
stenosis pressure gradient and coronary flow veloci- 
ty relationship, regardless of the geometry of the 
stenosis, the size of the coronary artery, the percent 
stenosis, absolute stenosis diameter, and the length 
and degree of streamlining. For a fixed coronary 


stenosis, the pressure gradient increases as flow 


velocity increases in response to any stimuli, wheth- 
er exercise or coronary vasodilator. With a more 
severe degree of stenosis, the gradient-flow velocity 
relationship becomes steeper and the whole curve 
shifts upward and to the left. On the other hand, 
with less severe stenosis, the relationship moves 
downward and to the right. Therefore, coronary 


animals 


_ potassium.” 
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vasodilation in the presence of coronary stenosis will 
result in an increased pressure gradient and a 
decrease in the distal coronary pressure as the 
coronary flow increases. This increase in the pres- 
sure loss is associated with a reduced subendocardial 
perfusion despite an increase in epicardial flow. (7) 
Because of the special relationship of thallium-201 
and technetium-99m macroaggregated albumin to 
the coronary flow at high flow levels, the stenosis 
that produces a definite abnormality with thallium- 
201 is more hydraulically severe than the stenosis 
that yields a comparative defect with technetium- 
99m macroaggregated albumin. Pressure losses or 
gradients across the stenosis and coronary pressures 
distal to the stenosis were also less severe, indicating 
milder stenosis, when abnormalities were detected 
with technetium-99m rather than with thallium. (8) 
A potent stimulus for augmenting the coronary flow 
is necessary to increase the sensitivity of the imaging 
technique for the detection of coronary stenosis; 
identical degrees of coronary stenosis may therefore 
be associated with perfusion abnormalities only 
when the stimulus for increasing the coronary flow is 
potent. (9) The optimal dose of dipyridamole for 
producing maximum coronary flow was 0.56 mg/kg, 
given over 4 minutes (0.142 mg/kg/min for 4 
minutes). 

Thallium kinetics. It has been demonstrated that 


_ the non-recirculating indicators, the fractional 


uptake of the injected tracer by any organ equals the 
fraction of the cardiac output perfusing that organ 
during the measurement.” This principle can apply 
to recirculating indicators as long as organ extrac- 
tion and total body extraction of the indicator are 
the same. This assumption has been proven in 
with potassium-42 and rubidium-86. 
Studies have shown that myocardial extraction of 
thallium is significantly higher than the extraction 
fraction of the whole body in the control conditions. 
These results therefore confirm that, despite simi- 
larities, thallium does not have identical properties 
to potassium, rubidium, or cesium. Further, it has 
been shown that the myocardial extraction fraction 
for thallium appears to be higher than that of the 
potassium and its analogs. In addition, the washout 
of thallium from the myocardium after the initial 
uptake appears to be slower for thallium than for 
Possible reasons for differences 
between myocardial extraction and total body 
extraction for thallium include the inclusion of a 
large high-flow compartment such as the renal circu- 
lation in the total body extraction. It has been 
shown, for example, that the renal extraction of 
thallium is lower than that of the myocardium (81% 
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vs 88%). Alternatively, the lower average full body 

~ extraction could be due to the lack of uptake of 
thallium by the brain because of the inability of the 
cation to cross the blood-brain barrier. The differ- 
ence between myocardial and total body extraction 
of thallium may explain why, under control condi- 
tions, the myocardial thallium uptake exceeded the 
fractional myocardial blood flow. However, despite 
this overestimation, Melin and Becker” found a 
linear relationship between thallium uptake and 
myocardial blood flow, not only under normal flow 
conditions but also after metabolic changes induced 

‘by ouabain or regional myocardial necrosis. The 
decrease in myocardial thallium uptake of dipyrida- 
mole could entirely be explained by the decrease in 
cardiac output and coronary blood flow. In regions 
of ischemia or necrosis, a slight excess of thallium is 
noted, most likely related to more efficient extrac- 
tion. Furthermore, extraction of thallium does not 
appear to be dependent on the sodium-potassium 
pump. When the coronary blood flow was increased 
by dipyridamole, there was a progressive decrease in 
thallium myocardial extraction due to a marked rise 
in capillary and venous velocity. The decrease in 
myocardial extraction resulted in an equality 
between myocardial and systemic extraction frac- 
tions. At larger increases in coronary flow, myocar- 
dial extraction would probably drop even more 
drastically and would therefore cause an underesti- 
mation of flow by thallium, as reported by Gould et 
al. Therefore, the correlation between thallium 
uptake and myocardial blood flow depends on the 
range of the coronary blood flow in which the 
experiments are conducted. Increases in flow in the 
range of 100% to 200% that are comparable to the 
increases in man during treadmill stress testing 
suggest that simultaneous measurements of cardiac 
output and accurate quantification of thallium 
uptake and corrections for background and attenua- 
tion could be used to measure absolute coronary 
blood flow. 


THALLIUM REDISTRIBUTION 


In canine model, intravenous dipyridamole causes 
disparate rates of thallium uptake in the distribu- 
_ tion of normal vessels and stenosed vessels.’* ° The 
myocardial thallium uptake is related to the regional. 
and transmural differences in the coronary blood 
flow. In the normal zone, there is a fourfold increase 
in both endocardial and epicardial coronary blood 
' flow, while in the stenosed vessel the total flow may 
not change although the epicardial flow may 
increase slightly while the endocardial flow 
decreases. The relative decrease in the thallium 
uptake in the distribution of the stenosed vessel 
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correlates well with the decrease in the coronary 
blood flow relative to the peak flow in the normal 
zone. In addition to initial differences in thallium 
activity, there are also differences in the washout 
rate from both normal and stenosed areas. The 
washout is much slower in the stenosed area. The 
disparate rates of washout from the normal and 
abnormal zones result in a decrease in the initial 
differences in thallium activities between these twc 
areas and account for the phenomenon of redistribu- 
tion. Similar findings were observed when the 
intrinsic washout was studied by direct intracoro- 
nary injection of thallium-201.'° Again, the normal 
zone had an increase in thallium activity due to an 
increase in both epicardial and endocardial blood 
flow and also had more rapid intrinsic washout, 
while the stenotic area had less uptake than the 
normal zone due to a slight increase in epicardial 
flow and a decrease in the endocardial flow, com- 
bined with a slower intrinsic washout rate. As 
discussed earlier, at high flow rates the increased 
thallium activity in the myocardium is less than the 
corresponding increase in coronary blood flow 
because of the decrease in the extraction fraction. 
This has been suggested to be even more marked 
with dipyridamole than with exercise studies, since 
with dipyridamole the myocardial oxygen demand 
changes very little compared to exercise. In general, 
the rate of thallium washout is slower in dipyrida- 
mole imaging than exercise imaging. __ 

In general, the dipyridamole thallium images have 
equal to or better quality than the exercise images. 
Gould et al.? found that during exercise, myocardial 
activity decreases while during dipyridamole infu- 
sion, the myocardial thallium activity increases. 
During both exercise and dipyridamole imaging, the 
myocardial-to-background ratio of thallium in- 
creases, but in the former it is predominantly due to 
a decrease in the background activity (due to a 
decrease in lung thallium uptake), while during 
dipyridamole imaging, it is due to increased myocar- 
dial thallium activity. The myocardial-to-back- 
ground ratio is higher during dipyridamole than 
during exercise imaging. These changes can be 
explained by the relative changes in coronary blood 
flow in relation to the changes in cardiac output; 
during exercise, the increase in cardiac output is 
more than the increase in coronary blood flow. 
Therefore the fraction of the injected dose of thalli- 
um-201 delivered to the myocardium decreases, 
while after dipyridamole infusion the increase in 
coronary blood flow is more than the increase in 
cardiac output, so that the fraction of the dose of 
thallium delivered to the myocardium increases and 
the myocardial thallium activity in consequence 
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Fig. 1. Scheme of intravenous (I. V.) and oral dipyridamole (DP) thallium imaging (T1-201). 


increases (if the extraction fraction does not 
decrease). Such a marked increase in coronary 
blood flow in ideal circumstances was successful in 
identifying mild coronary stenosis (40% diameter 
stenosis) when tomographic images with N-13 
ammonia were used.? 


HEMODYNAMIC RESPONSES 


The coronary hemodynamic and metabolic 
changes were studied by Feldman et al.” in 13 
patients with coronary artery disease following rela- 
tively small doses of intravenous dipyridamole (0.29 
mg/kg). They observed a 50% increase in the coro- 
nary sinus flow, most of which was in the distribu- 
tion of normal vessels. This effect occurred with 
minimal changes in the heart rate, blood pressure, 
left ventricular end-diastolic pressure, and in myo- 
cardial oxygen uptake. The study by Marchant et 
al.” suggested different mechanisms for the increase 
in coronary blood flow induced by the intracoronary 
compared to the intravenous injection of dipyrida- 
mole. In 25 patients with normal coronary angio- 
grams, they observed that intracoronary dipyrida- 
mole (0.5 mg/kg) produced on the average a 70% 
increase in coronary sinus flow. However, when this 
injection was followed in 10 minutes by an intrave- 
nous injection of dipyridamole (0.5 mg/kg), there 
was a further increase in coronary sinus flow by 
88%. As in previous studies, the increase in coronary 
blood flow following intracoronary injection failed to 
produce associated changes in the heart rate and 
cardiac output, while the intravenous dose produced 
an increase in the heart rate, stroke volume, and 
cardiac output. It should be noted, however, that the 
intravenous dose used in this study was considerably 
greater than that used in the previous study. It is 


possible, therefore, that the increase in coronary 
blood flow with intracoronary injection reflects pri- 
mary coronary vasodilation while that following 
intravenous injection is partly due to direct coronary 
vasodilation and partly due to an increase in the 
double product. Studies have shown®* 2-24 that 
dipyridamole causes more decrease in the coronary 
vascular resistance than in systemic resistance, indi- 
cating that dipyridamole is a selective coronary 
dilator. However, the degree of dilation of the large 
epicardial coronary vessels is less than that noted 
with nitroglycerin. The primary action of dipyrida- 
mole is on the small coronary vessels. 

The optimal dose of dipyridamole through intra- 
venous injection has been found to be 0.142 mg/ 
kg/min for 4 minutes, although more recently larger 
doses have been found necessary to produce maxi- 
mal coronary vasodilation. Smaller doses do not 
produce sufficient changes in the coronary blood 
flow and larger doses are associated with more side 
effects. It is possible that larger doses (and even 
standard doses) may at times increase the heart rate 
and double product and produce myocardial ische- 
mia. This is, however, not the usual mechanism by 
which ischemia is produced. The most common 
mechanism is based on the principles of the relation- 
ship between the coronary flow velocity vs pressure 
gradient changes in the coronary vessels, as dis- 
cussed earlier.” An increase in flow velocity will 
result in a decrease in distal pressure which, in the 
presence of coronary stenosis, will result in subendo- 
cardial ischemia. Many investigators have loosely 
called this phenomenon a “steal,” but this is doubt- 
ful. A transmural coronary steal phenomenon 
requires an absolute decrease in endocardial flow 
while the epicardial flow increases. It is possible that 


436 Iskandrian et al. l 





Delayed 


February 1988 
American Heart Journal 


Horizontal 
Long 
Axis 


Vertical 
Long 
Axis 


Fig. 2. Single-photon emission computed tomographic thallium images at mid-left ventricular region. 
The initial images reveal perfusion abnormalities involving the anteroseptal and inferior segments in the 
short-axis projection (arrows), the inferior wall and apex in the vertical long-axis projection (arrows), and 


the septum and apex in the horizontal langais projection (arrow). The 4-hour se) images reveal ` 


almost a reperfusion. 


` in patients with multivessel disease and collaterals, 
regional steal may also occur if the decrease in the 
. distal pressure in one coronary vessel is greater than 
the decrease in a second coronary vessel. The flow 
via collaterals will be from the higher pressure to the 
lower pressure circuit. Aminophylline given intrave- 
nously or-directly into the coronary artery has been 


found to inhibit the effects of dipyridamole, suggest- | 


ing that the antagonistic effect of aminophylline is 
related to its direct action on the small muscle layer 
of the coronary vessels.” This antagonistic effect has 
been important, since now aminophylline is the drug 
of choice for the treatment of side effects. 


Clinical studies with intravenous dipyridamole thalli- - 


` um imaging. The indications for dipyridamole thalli- 
` um imaging are: (1) a diagnosis of suspected coro- 
nary artery disease in patients who are unable to 
‘exercise adequately and (2) risk stratification in 
` patients undergoing elective major vascular surgery 
_or patients recovering from uncomplicated acute 
myocardial infarction. The usual protocol involves 


' the intravenous injection of 0.142 mg/kg for 4- 
minutes while the patient is in the supine position. 


_ under constant ECG monitoring and with frequent 
measurements of the blood pressure. **! Because 
intravenous dipyridamole is still investigational, a 


consent form i is required. Studies have shown that’ 


the-peak effect of dipyridamole occurs approximate- 
ly 2 to 3 minutes after its infusion.* ë Because of this, 
thallium-201 is injected intravenously approximate- 
ly 7 minutes from the start of infusion or 3 minutes 
from the completion of infusion (Fig. 1). During the 
early experience, the patient was asked to stand up 
and walk in place for 90 seconds’ before thallium 
injection. This maneuver was thought to decrease 
the pulmonary blood volume and the lung thallium 
uptake as well as the splanchnic thallium uptake. 
However, this maneuver is also more likely to 
produce hypotension, light-headedness, and dizzi- 
ness and has more or less been abandoned. 

In some laboratories the patient is tilted upward 
into a semierect position (approximately 70 degrees) 
before thallium injection for the same reasons. How- 
ever, this technique is also gradually being aban- 
doned. It is importarit before dipyridamole imaging 
that all xanthine-containing medications such as 
theophylline and caffeinated beverages also be dis- 
continued. As will be discussed later, some investi- 
gators have used a combined handgrip test with the 
intravenous dipyridamole infusion. Regardless of 
the modifications, thallium imaging is started within 
3 to 5 minutes after thallium injection and delayed 
images are obtained 3 to 4 hours afterwards. . 

If side effects appear and are severe, they can be 


Volume 115 
Number 2 


treated with slow intravenous injection of 50 to 200 
mg of aminophylline, which may be repeated in 2 to 
5 minutes if necessary. In general, a dose of 100 mg is 
sufficient in most patients. However, in rare circum- 
stances with severe side effects, the addition of 
nitroglycerin may also be useful. It should be 
remembered that immediately before aminophylline 
is given (1 to 2 minutes), thallium-201 should be 
injected. In many laboratories, a prophylactic dose 
of 75 mg of aminophylline is injected intravenously 
after the initial images are obtained, even in the 
absence of side effects. Whether this precaution 
prevents any side effects is not precisely known. The 
initial and delayed: images are compared and the 
presence and site of perfusion defects and the nature 
of the abnormality (transient or fixed) are deter- 
mined (Fig. 2). As with exercise studies, reversible 
defects reflect ischemic viable myocardium and cor- 
respond to segments with normal wall motion or 
only mild hypokinesia, while fixed defects corre- 
spond to areas of scar with associated severe wall 
motion abnormality (akinesia or dyskinesia). The 
results of dipyridamole imaging may depend on 
patient selection and the dose; higher doses have 
been reported to increase the sensitivity with no loss 
of specificity, but side effects are more common. 
False negative results are more common in patients 
with one-vessel disease and in patients with less 
severe stenosis. A summary of the results is shown in 
Table 1.578%3% Approximately 70% of patients 
with coronary artery disease will have reversible 
perfusion defects in the distribution in one or more 
vessels. Further, it has been reported that 80% of 
stenosed vessels were predicted correctly by dipyri- 
damole imaging. This is generally higher than that 
achieved during exercise studies in the absence of 
quantitative analysis. However, others have 
observed much lower rates of predicting individual 
diseased vessels. It is possible that with the use of 
rotational tomography the results of predicting indi- 
vidual diseased vessels will be improved. The speci- 
ficity of the test has varied from 60% to 100%, the 
low specificity in some studies, as in exercise studies, 
seeming to be related to patient selection, attenua- 
tion artifacts, unrecognized or underestimation of 
coronary artery disease or other forms of cardiac 
diseases. Of note is that most reversible perfusion 
defects occur in the absence of angina or ST segment 
depression and at a much lower heart rate and 
double product than that achieved during exercise. 
Therefore, despite the differences in the pathophys- 
iologic mechanisms involved in exercise and dipyri- 
damole testing, both methods provide comparable 
results in the diagnosis of coronary artery disease. 
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Table I. Results of sensitivity and specificity of intrave- 
nous dipyridamole thallium tests 





No. of Patients 


Author CAD NoCAD Sensitivity Specificity 
Albro et al.® 51 il 67% 91% 
Leppo et al.” 40 20 93% 80% 
Schmoliner et al. 60 0 95% N/A 
Francisco et al.” 51 35 80%-90%  67%-96% 
Okada et al.” 23 7 91% 100% 
Walker et al.” 57 30 88% 87% 
Sochor et al.” 149 45 92% ` 81% 


Abbreviations: CAD = coronary artery disease; N/A = not available; 80% - 
90% =the lower figures were obtained with visual analysis of planar 


“images, the higher figures, with quantitative analysis of seven-pinhole 


tomograms. 


The experience so far in interpretation of the 
thallium images has been based on visual inspection 
of the planar images, although quantitative analysis 
and seven-pinhole tomography have shown im- 
proved results compared to qualitative studies.” 


Okada et al.® observed differences in the washout 


rate in the normal and stenotic segments. However, 
in general the rate of thallium washout after dipyri- 
damole is variable and is not very useful in the 
identification of diseased vessels. Other methods 
include the use of a split-dose technique in which 
thallium is injected before and immediately after 
infusion of dipyridamole and subtraction images are 
obtained.** This technique has provided a sensitivity 
of 91% and a specificity of 100% in 23 patients with 
coronary artery disease and in nine subjects with no 
coronary artery disease. Reversible defects involve 
the right ventricle and, when present, generally 
denote the presence of significant proximal right 
coronary artery disease.” In a few patients, an 
increase in lung thallium uptake is observed during 
dipyridamole thallium imaging.** While dipyrida- 
mole may induce perfusion abnormalities in patients 
with coronary artery disease, it has been reported 
that it improves the perfusion pattern in patients 
with systemic sclerosis. This paradoxical phenome- 
non can be explained on the basis that in this disease 
entity, increased vasomotor tone of the small vessels 
is responsible for the initial thallium abnormalities; 
dipyridamole, by vasodilating these vessels, will 
improve the flow and thallium perfusion pattern.® ” 
Fixed and reversible perfusion defects have also 
been reported in patients with hypertrophic cardio- 
myopathy and normal coronary angiograms. These 
studies were done with single-photon emission com- 
puted tomography.** 
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Table Il. Side effects 
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No. 
Authors patients ST Angina Arrhythmias Death/MI 
I. Cardiac 
A. Intravenous 
Albro et al.® 62 3% 42% 0 0 
Josephson et al.?’ 33 10% 42% 0 0 
Leppo et al.” 60 12% 18% 0 0 
Homma et al.” 293 20% 26% 19% 0 
B. Oral 
Gould et al.” 58 9% 17% 0 0 
Taillefer et al.” 50 N/A 20% 0 0 
Homma et al.* 100 14% 25% 2% 0 
Dizziness/ Nausea/ 
Headaches Flush light-headedness epigastric pain 
IT. Non-cardiac 
` A. Intravenous. 
Albro et al. N/A N/A 3% N/A` 
Josephson et al.” 5% 15% 21% 8% 
Leppo et al.” 20% N/A 15% 10% 
Homma et al.” 11% 2% 5% 4% 
B. Oral 
Gould et al.” N/A N/A 13% 10% 
Taillefer et al. 20% 10% 1% 15% 
Homma et al.” 13% 8% 10% 20% 














Abbreviations: N/A = not available; MI = myocardial infarction. 


Table Ill. Comparison between oral and intravenous dipy- 
ridamole thallium imaging 


1. Oral dipyridamole is available while intravenous dipyrida- 
mole is investigational 

2. Side effects, except for headaches and nausea, are less with 
oral dipyridamole 

3. The period of supervision is longer with oral dipyridamole 
(see Fig. 1) 

4, Time to onset of effect and time to peak effect are variable 
and nonpredictable with oral dipyridamole 

5. The results of both techniques appear satisfactory in the 
diagnosis of coronary artery disease 

6. The oral technique may allow simultaneous assessment of 
myocardial perfusion with thallium-201 and wall motion 
with two-dimensional echocardiography 





SIDE EFFECTS 


Serious side effects are rare; there has been no 
report of death or myocardial infarction, and only 
one report on one patient who sustained ventricular 

- fibrillation." The side effects can be divided into 
cardiac and noncardiac effects. The cardiac include 
angina, ST segment depression, and arrhythmias, 
and the noncardiac effects include headaches, a 
feeling of warmth or flush, gastric discomfort, nau- 


sea, vomiting, dizziness, or light-headedness (Table 
II). 27-8 41-48 Angina and ST depression are much less 
frequent than the presence of thallium perfusion 
defects but, when present, generally imply the pres- 
ence of myocardial ischemia. Chest pain alone is not 
a useful marker of ischemia. The side effects are 
more common with the larger doses, but even with 
the standard doses as many as 50% of patients may 
experience one or more of these effects. Most of 
these side effects do not require treatment. Howev- 
er, a few need to be treated with either aminophy]- 
line alone or a combination of aminophylline and 
nitroglycerin. Dipyridamole testing is contraindi- 
cated. in patients with severe bronchospastic lung 
disease because of the potential] for provoking bron- 
chospasm. eA a 


CLINICAL STUDIES WITH ORAL DIPYRIDAMOLE | 


Since intravenous dipyridamole is not available, 
studies have been conducted with oral dipyridamole. 
The differences between oral and intravenous dipy- 
ridamole are listed in Table III. Mahony et al.“ 
found that after a 50 mg dose of dipyridamole given 
orally, the blood concentration peaked at 2-% hours. 
However, Homma ét al. found that after a dose of 
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Table IV. Results of oral and intravenous dipyridamole thallium imaging 

















No. of patients Oral 
CAD No CAD Sensi. 
Gould et al.” 48 10 48% 
Homma et al.® 43 10 91% 
Taillefer et al.* 20 5 65% 
Taillefer et al.?} 19 6 84% 





Exercise Intravenous 
Spec. Sensi. Spec. Sensi. Spec. 
90% 60% 90% NA NA 
80% NA NA NA NA 
100% NA NA 85% 100% 
100% NA NA 79% 86% 





Abbreviations: N/A = not available; CAD = coronary artery disease; Oral refers to oral dipyridamole test; Intravenous refers to intravenous dipyridamole 
test; Exercise refers to treadmill exercise thallium imaging; Sensi = sensitivity; Spec. = specificity. 


*Dose of dipyridamole was 200 mg. 
fOral dose was 400 mg. 


300 mg given as an oral suspension, the peak effect 
was noted at 45 minutes. With this dose, the serum 
level of dipyridamole was only slightly less than the 
serum level seen with an intravenous dose of 0.56 
mg/kg. Therefore it appears that after oral dipyrida- 
mole the peak level of serum dipyridamole is 
reached at 45 to 60 minutes and then decreases 
gradually such that at 300 minutes after oral inges- 
tion only approximately 20% of the peak level is 
observed. However, the absorption rate varies con- 
siderably and there are few patients in whom the 
absorption is much slower. In clinical use, thallium- 
201 is injected at 45 minutes after oral ingestion or 
earlier if ST segment depression or angina appears 
or there are serious side effects that require immedi- 
ate treatment (Fig. 1). Five to 10 minutes after 
thallium injection, the initial images are obtained 
and again a prophylactic dose of 75 mg of aminoph- 
ylline administered intravenously may be given. The 
delayed images are obtained 3 to 4 hours later. The 
results of the studies with oral dipyridamole are 
shown in Table IV and the side effects are indicated 
in Table II. As with intravenous dipyridamole, oral 
dipyridamole results in an increase in myocardial 
thallium uptake and myocardial-to-background 
activity ratio. Taillefer et al. observed that the 
results of dipyridamole thallium imaging with an 
oral dose of 400 mg were better than those that used 
an oral dose of 200 mg. The high oral dose results 
were comparable to the intravenous results (Table 
IV). In general, side effects (except for headaches 
and nausea) are less with oral than with intravenous 
use. Furthermore, the quality of the images was 
similar in the intravenous and in the higher oral 
dose trials and, as with the intravenous dose, the 
perfusion abnormalities were seen with minimal 
changes in heart rate and blood pressure and only a 
few patients had ST segment depression or angina. 

As with intravenous dipyridamole, an uptilting of 
the body position, standing up and walking in place, 


handgrip exercise, or even treadmill exercise have 
been combined with the oral dipyridamole test 
before thallium injection. l 
Clinical studies with dipyridamole and exercise. 
Brown et al. found that intravenous dipyridamole 
combined with handgrip exercise increased the cor- 
onary blood flow 68% more than the level achieved 
with dipyridamole alone. This increase was due to 
the increases in heart rate, blood pressure, and 
double product and thus also as a consequence of 
the increase in myocardial oxygen requirement. The 
combined technique achieved a 3.8-times increase in 
the coronary blood flow in normal subjects, a level 
greater than that achieved in man during treadmill 
exercise testing, as reported in most studies.*® 47 
Walker et al.™* combined oral dipyridamole with 
treadmill exercise testing performed 60 minutes 
after the oral dose in patients who had not had side 
effects at that point in the trial. The combination of 
both types of stress testing (dipyridamole and tread- 
mill) resulted in abnormal thallium images in 34 of 
the 38 patients with coronary artery disease (89%), 
ST segment depression in 84%, while the exercise 
treadmill test alone in the same group of patients 
resulted in abnormal scans in 76% of the patients 
and ST segment depression in 76% of the patients. 
Furthermore, the number of perfusion defects were 
more in the combined exercise and dipyridamole 
test than with exercise alone, and the myocardial- 
to-background thallium count ratio was higher and 
the quality of images was better with the combined 
technique. These results were observed even though 
the peak heart rates during exercise and during the 
combined technique were similar. The combination 
of oral dipyridamole and handgrip test was used in 
one study to detect the presence of coronary artery 
disease in patients with aortic valve disease. Revers- 
ible defects were produced in 11 of 13 patients with 
aortic valve disease and associated coronary artery 
disease and in only 2 of 14 patients with aortic valve 
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Table V. Results of dipyridamole-echocardiographic test 
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No. of patients 


CAD No CAD 


Author Sensitivity Specificity Remarks 
Picano et al. 14 0 64% NA All 14 pts had ST elevation with exercise; 7/9 pts 
: ` with WMA also had ST elevation with DP 
Picano et al.’ 72 21 74% 100% 38 pts had WMA with a dose of 0.56 mg/kg; 15 other 
. pts had WMA at a dose of 0.84 mg/kg _ 

Picano et al.” 29 10 41% 100% These pts also had exercise 2DE that showed similar 

: sensitivity (76%) and specificity (87%) but only 

i 73% of the exercise 2DE were interpretable 
Margonato et al." 21 0 52% NA All 21 pts had MVD; the dose used was 0.6 mg/kg; 

9/11 pts with WMA and none of the others had 
j angina and ST depression 

Ferrara et al.” 30 12 63% 100% The sensitivity of DP thallium was similar (70%) 











An abnormal test was defined as new or worsening transient wall motion abnormality. 


Abbreviations: CAD = coronary artery disease; pt(s) = 


patients(s); NA = not available; WMA = wall motion abnormality; DP = dipyridamole; LAD = left 


anterior descending; 2DE = two-dimensional echocardiography; MVD = multivessel disease. 


disease but no associated coronary artery disease.‘ 

Clinical studies with dipyridamole-echocardiography 
test. As discussed earlier, wall motion abnormalities 
in the distribution of a diseased coronary artery may 
be the result of coronary steal phenomenon or may 
in some patients be the result of transmural ische- 
mia or subendocardial ischemia based on the 
increase in myocardial oxygen demand (or a combi- 
nation of these two mechanisms). The incidence of 
wall motion abnormalities associated with intrave- 
nous or oral dipyridamole has varied considerably. 
With the use of radionuclide angiography, Sochor et 


al.” found that only 31% of the patients had wall . 


motion abnormality although 92% had reversible 


thallium perfusion defects. Furthermore, only 19% 


of these patients had a decrease in the global 
ejection fraction. Harris et al. found that only 2 of 
15 patients with coronary artery disease had wall 
motion abnormalities, while 19 of 21 patients had 
reversible perfusion defects. On the other hand, 
when two-dimensional echocardiography with dipy- 
ridamole were employed, different results have been 
obtained.’ Transient or worsening wall motion 
abnormalities in the distribution of diseased vessels 
have been found in over 50% of patients. Wall 
motion abnormalities were only seen in the presence 
of coronary artery disease and corresponded to the 
site of thallium perfusion defects or to wall motion 
abnormalities observed during exercise. Dipyrida- 
mole-echocardiography tests, however, have been 


done generally with higher doses than those used . 


with intravenous dipyridamole thallium imaging, 
and wall motion analysis is possible in multiple 
views. The result of the dipyridamole- echocardio- 
graphy tests are shown in Table V. 


Clinical studies with intravenous dipyridamole thalli- 
um imaging in relation to prognosis. Dipyridamole 
thallium imaging provides an ideal screening meth- 
od before elective vascular surgery in patients with 
peripheral vascular disease. Thése patients, whether 
symptomatic with angina or not, have a high inci- 
dence rate of coronary artery disease and because of 
the peripheral vascular disease, are not candidates 
for exercise testing. Several studies have shown that 
patients with no transient perfusion defects on 
dipyridamolé thallium imaging have a low risk of 
perioperative events (death and nonfatal acute myo- 
cardial infarction). However, the risk of events 
increases by six- to over twentyfold in patients who 


_have transient perfusion abnormalities.“ Because 


only approximately one third of such patients with 
reversible perfusion defects have subsequent events, 
the. need for coronary arteriography and coronary 
artery revascularization before elective peripheral 
vascular surgery should be based on a number of 
factors including the severity and extent of perfu- 
sion abnormalities, symptoms, and the presence or 
absence of associated ECG changes. In some 
patients, cardiac catheterization and coronary revas- 
cularization may be necessary. In others, the surgical 
technique may be modified into a more conservative 
procedure, and more thorough monitoring before, 
during, and after surgery is necessary. In the study 
by Eagle et al.,“ clinical characteristics were useful 
in predicting postoperative events. Thus, none of 23 
patients without a history of angina, myocardial 
infarction, congestive heart failure, diabetes, or Q 
waves on the ECG had events, while 10 of 27 
patients with one or more of these risk factors had 
events (death, infarction, or unstable angina pecto- 
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Table VI. The event rate in relation to presence or absence of dipyridamole-induced transient perfusion defects 











Transient PD No transient PD 








No. of No. of No. of No. of No. of 
Author pts Dx pts events (%) pts events (%) 

Leppo et al.” 51 MI 33 11 (83%) 18 1 (6%) 
Boucher et al. 54 VS 16 3 (19%) 82 0 (0%) 
Leppo et al. 100* VS 42 14 (88%) 47 1 (2%) 
Brewster et al. 54* VS 15 3 (20%) 32 0 (0%) 
Cutler and Leppo® 116* VS 31 8 (26%) 60 0 (0%) 
Eagle et al.“ 111 VS 42 16 (38%) 69 2 (3%) 





Events in this table indicate cardiac death or nonfatal myocardial infarction. 
The risk ratio is 6 to 23 times higher for events in patients with transient defects compared to those without transient defects. 
Abbreviations: PD = perfusion defect; pts = patients; MI = myocardial infarction; VS = vascular surgery (abdominal or nonabdominal corrective surgery); 


Dx = diagnosis. 


“The differences in the numbers in this column and the subsequent two columns relate to the fact that some patients with transient defects underwent 
preoperative coronary arteriography and some of those underwent coronary revascularization. 


ris). Therefore it is possible that dipyridamole thal- 
lium imaging is unnecessary in the low-risk group 
while coronary arteriography may be indicated in 
patients in the high-risk group who have reversible 
defects by dipyridamole imaging. The results of 
these studies are summarized in Table VI. Leppo et 
al.” also observed that dipyridamole thallium imag- 
ing can be used effectively in risk stratification after 
acute myocardial infarction. The relative merits of 
this procedure compared to exercise testing in this 
subgroup of patients require further studies.™ 

In conclusion, dipyridamole cardiac imaging with 
thallium-201 or two-dimensional echocardiography 
is an important new diagnostic tool in the evaluation 
of patients with ischemic heart disease. Preliminary 
studies suggest that positron emission tomography 
of myocardial perfusion before and after dipyrida- 
mole, with generator-produced rubidium-82, pro- 
vides a highly sensitive and specific diagnosis of 
reduced coronary flow reserve due to coronary 
artery disease in man.® 


SUMMARY 


Dipyridamole cardiac imaging is a useful alterna- 
tive technique to exercise stress testing in the evalu- 
ation of patients with ischemic heart disease. Intra- 
venous dipyridamole is still in the investigational 
phase, while oral dipyridamole is widely available. 
The hemodynamic effects of dipyridamole include 


an increase in coronary blood flow (due to coronary 


vasodilation) which is in excess of the increase in 
myocardial oxygen consumption and cardiac output. 
The disparity in the increase in coronary blood flow 
relative to the cardiac output results in an increase 
in myocardial thallium activity and an increase in 


the myocardial/background activity ratio. The qual- 
ity of the thallium images is. better or similar to that 
of exercise thallium images. The optimal dose of 
intravenous dipyridamole is 0.56 mg/kg, and of the 
oral dose it is 300 to 400 mg, although higher doses 
may be necessary in some patients. Analysis of the 
thallium images has been to a large extent based on 
visual inspection of the planar images. Delayed 
images are helpful to establish the nature of the 
perfusion abnormalities (transient or fixed). The 
process of redistribution is based on disparate rates 
of washout from the normal and abnormal zones. 
The sensitivity and specificity of dipyridamole thal- 
lium imaging, whether intravenous or oral, have 
been shown in a number of studies to be quite 
adequate and comparable to that achieved during 
exercise thallium imaging. Dipyridamole two- 
dimensional echocardiography has also been used in 
the detection of coronary artery disease; transient 
(new or worsening of preexisting) wall motion 
abnormalities have been found to be a specific 
marker of coronary artery disease. Transmural as 
well as regional coronary steal phenomena have been 
postulated as the mechanism for dipyridamole- 
induced regional wall motion abnormalities. Com- 
pared to exercise two-dimensional echocardiogra- 
phy, dipyridamole echocardiography provides high- 
quality studies and in higher proportions of 
patients. The results of dipyridamole thallium imag- 
ing have also been extremely important in identify- 
ing high-risk patients after acute myocardial infarc- 
tion or patients with peripheral vascular disease 
undergoing elective vascular surgery; the presence of 
a dipyridamole-induced: perfusion abnormality 
identifies patients at high risk for future cardiac 
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events. Thus, dipyridamole cardiac imaging is help- 
ful in the diagnosis of coronary artery disease and in 
risk stratification. 


The authors wish to thank Phyllis Hartsfield for secretarial 
assistance in the preparation of this manuscript. 
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intermediate-term results of the endocardial 
surgical approach for anomalous atrioventricular 


bypass tracts 


J. K. Kirklin, M.D., D. C. McGiffin, M.D., V. J. Plumb, M.D., A. E. Epstein, M.D., 


and G. N. Kay,.M.D. Birmingham, Ala. 


Since anomalous atrioventricular (AV) bypass 
tracts, resulting in reciprocating tachycardia and 
occasionally in lethal ventricular arrhythmias, 
became a surgical condition with the first surgical 
bypass tract division by Sealy in 1968,’ continuing 
progress has been made in the understanding of the 
anatomy of bypass tracts, their localization by elec- 
trophysiologic study, and treatment by surgical divi- 
sion. The experience in the surgical management of 
AV bypass tracts at the University of Alabama at 
' Birmingham (UAB) was analyzed to determine the 
early and intermediate-term results of a protocol of 
an entirely endocardial surgical approach..- 


METHODOLOGY 


Patients. Between October, 1974 (first operation at 
UAB for an anomalous AV bypass tract), and March 
1, 1985, 26 patients underwent operations to eradi- 
cate one or more anomalous AV bypass tracts. 
Twenty-two of the patients were males and four 
were females, and their ages ranged from 8 to 59 
years (mean, 32.8 years). The most frequent indica- 
tion for surgery was a bypass tract with lethal 
potential (Table I), as indicated by an episode of 
ventricular fibrillation, a history of syncope, conduc- 
tion via the AV accessory pathway at more than 250 
bpm in response to atrial pacing, a fast preexcited 
ventricular response during atrial fibrillation or 
flutter, or a bypass tract with a short refractory 
period on electrophysiologic study. Three patients 
had experienced ventricular fibrillation attributable 
to the bypass tract. Operation was also performed 
because of reciprocating tachycardia uncontrollable 
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by medication, as an alternative to life-long antiar- 
rhythmic medication in a young person, and also in 
association with another cardiac surgical proce- 
dure. 

Electrophysiologic studies. All patients underwent 
electrophysiologic study (EPS) with endocardial | 
catheter electrodes to confirm the presence of a 
bypass tract, localize it, identify other bypass tracts, 
determine the electrophysiologic characteristics, 
and ensure that the bypass tract was a participant in 
the circuit responsible for the presenting arrhyth- 
mia. In addition, standard left and/or right heart 
catheterization was performed as indicated, to eluci- 
date other cardiac abnormalities. 

Twenty-eight AV bypass tracts were identified 
preoperatively by EPS (Fig. 1). Twenty were located 
in the left free wall, five in the right free wall, and 
three were in the posterior septal space. A second left 
lateral bypass tract was identified intraoperatively in 
one patient and was successfully divided. An addi- 
tional left free wall tract was identified postopera- 
tively after successful division of a right free wall 
tract in one patient. Twenty-three of the patients had 
Wolff-Parkinson-White (WPW) syndrome with pre- 
excitation on the ECG, indicating antegrade conduc- 
tion over the bypass tract, whereas three patients had 
concealed conduction without preexcitation, indica- 
tive of only retrograde conduction. ` 

Electrophysiologic mapping was repeated intra- 
operatively to confirm the preoperative localization 
of the tract, and as a further search for other bypass 
tracts. The intraoperative study was performed by 
placing fixed atrial and ventricular electrodes for 
either reference electrograms or pacing, and a hand- 
held exploring probe was used for mapping. De- 
pending on whether the bypass tract functioned 
anterogradely, retrogradely, or both, atrial or ven- 
tricular pacing was performed and mapping was 
carried out along the AV groove on the side opposite 
to the paced chamber to determine the point of 
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Fig. 1. Diagrammatic representation of the location of the 28 bypass tracts identified pre- or intraoper- 
atively that underwent attempted surgical division. Each black dot represents one bypass tract. 


insertion of the bypass tract, as determined by the 
point of earliest activation time of the chamber 
being mapped. When possible, reciprocating tachy- 
cardia was induced to further determine the loca- 
tion(s) of earliest activation. Before discontinuation 
of cardiopulmonary bypass, intraoperative mapping 
was repeated to determine if the bypass tract was 
still functioning. An EPS was repeated, usually on 
the seventh postoperative day, with epicardial wires 
placed at operation, to confirm division of the 
bypass tract. 

Surgical procedures. Early in the experience, one 
patient underwent His bundle ablation as a primary 
procedure. All other patients underwent division of 
the bypass tract(s) via an endocardial approach. 
The purpose of the procedure was to detach the 
atrium from the ventricle in the region of the bypass 
tract and sever all possible connections between 
both chambers in the AV groove in the manner 
described by Sealy et al.’ All operations were 
performed during cardiopulmonary bypass with 
moderate hypothermia. Since 1978, myocardial pro- 
tection during global myocardial ischemia was 
accomplished by inducing cold cardioplegia with a 
crystalloid or sanguineous solution. Right free wall 
and posterior septal pathways were approached 
through the right atrium; left free wall pathways 
were approached through the left atrium, generally 
via an incision anterior to the right pulmonary veins 
(in one case through the roof of the left atrium 
superiorly). One patient had endocardial resection 
and cryoablation for a previously missed left lateral 
bypass tract. 

Eleven patients had associated cardiac EE PE 
at the same operation (Table II). 

Data ` collection and follow-up information. The 
records of all patients who underwent a surgical 
procedure for an AV bypass tract between October 


` Table I. Indications for operation in 26 patients (October 


1974 to March 1, 1985) 


No. of patients 


Indication 
Tract with lethal potential 9 
Reciprocating tachycardia 8 
uncontrolled by medication 
In association with other cardiac 8 
procedure ` 
Alternative to lifelong medication 1 
in young person 
Total 26 





1974 and March 1, 1985 were examined. Follow-up 
information was obtained by direct contact with the 
patient or via the referring physician. Follow-up 
inquiries were made between April 1, 1986 and May 
28,.1986. No patient was lost to follow-up, and all 
surviving patients were followed for a minimum of 
14 months (longest follow-up 14 years). The mean 
follow-up interval was 42 months. 

Analysis. Data were analyzed by the usual contin- 
gency tables and methods to determine the likeli- 
hood that differences were due to chance. 


OBSERVATIONS 


Early. One patient underwent successful His bun- 
dle ablation as the primary procedure. A direct 
endocardial procedure was used for 28 AV bypass 
tracts in 25 patients, and 27 (96%; 70% confidence 
limits, 88% to 99%) of the 28 tracts were successful- 
ly divided (one at a second operation), as deter- 
mined by the postoperative EPS (Table IID). 
Attempted division of a right free wall bypass tract 
was unsuccessful in one patient who also had repair 
of an atrial septal defect and pulmonary valvotomy. 
In one patient, the postoperative EPS demonstrated 
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Table Ii. Additional cardiac procedures in patients 
undergoing operation for anomalous atrioveritricular 
bypass tracts (October 1974 to March 1, 1985; n = 26) 








© Procedures No. of patients 

CABG 4 
CABG and endocardial resection 1 
AVR 1 
AVR, mitral commissurotomy 1 
Repair, partial AV canal defect 1 
Repair, fossa ovalis ASD f 1 
Repair ASD; pulmonary 2 

valvotomy 

Total li 

Abbreviations: ASD = atrial septal defect; AV = atrioventricular; 


AVR = aortic valve replacement; CABG = coronary artery bypass graft- 
ing. i 


an unsuspected left free wall tract after successful 
division of a right free wall and a posterior septal 
tract. This bypass tract has not resulted in clinical 
tachycardia. An additional patient had successful 
division of two left lateral bypass tracts. 

There were no hospital deaths (0%; confidence 
limits 0% to 7%), and the only surgical complication 
was a sternal wound infection in one patient. No 
patient developed postoperative AV node conduc- 
tion abnormalities, except for the one instance of 
planned AV node ablation. l 

Intermediate-term. No recurrence of the WPW 
syndrome developed during the follow-up. Three 
patients died during the follow-up period, and each 
had major associated cardiac pathology. One patient 
had aortic valve replacement and mitral commissur- 
otomy at the time of original operation and died 
suddenly 62 months after operation. Another 
patient, the one who underwent His bundle abla- 
tion, underwent coronary artery bypass grafting 
(four distal anastomoses) and closure of an atrial 
septal defect and died suddenly 44 -months postop- 
eratively. A third patient underwent an associated 
endocardial resection for intractable ventricular 
tachycardia and coronary artery bypass grafting. He 
died of an alleged “myocardial infarction” 14 
months after ‘operation. No autopsies were 
obtained. Ea 

- Among the 15 patients who had isolated anoma- 
lous bypass tracts and had no associated procedures, 
there were no late deaths up to 14 years of follow-up. 
All patients are free of recurrence of WPW (one 
patient has frequent ventricular and atrial ectopy), 
with 14 of the 15 patients in New York Heart 
Association (NYHA) class I and one in class III. 
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Table Ill. Success in dividing the bypass tract according to 
its position (October 1974 to March 1, 1985; n= 26 
patients) 


Successful division 





Position n No. % 


70% CL 
Left free wall 20*  20f 100 91%-100% 
Right free wall 5 4 80 47% -97% 
Posterior septal 3 3 100 53% -100% 
Total 28 27 96  88%-99% 





CL = confidence limits. 

*Excludes one unsuspected tract demonstrated postoperatively and one 
preoperatively identified tract that was treated by His bundle ablation. 
tIncludes one tract successfully divided at reoperation. 


COMMENTS 


Results of surgical therapy. When the WPW syn- 
drome or other anomalous AV bypass tracts occur as 
an isolated cardiac malformation, the results of this 
and other experiences*’ indicate that surgical thera- 
py is usually curative and the operative risk ap- 
proaches zero. Intermediate-term results suggest 
that a normal or near normal quality of life can be 
expected without expectation of premature death. 

In patients with major associated cardiac patholo- 
gy (such as Ebstein’s malformation, acquired valvu- 
lar heart disease, or coronary artery disease), the 
intermediate-term result after surgical treatment is 
likely to depend primarily on the associated malfor- 
mations. 

Role of electrophysiologic studies. The high success 
rate of accessory pathway division in this and other 
experiences*? is dependent upon accurate pre- and 
intraoperative EPS to localize the tract(s) anatomi- 
cally. Multiple accessory tracts, which were success- 
fully managed in two patients in this experience, 
have been reported to occur in about 10% of 
patients with accessory AV pathways,®* and present 
a special diagnostic and surgical challenge. Addi- 
tional bypass tracts are occasionally identified 
intraoperatively by EPS performed after division of 
the initial bypass tract, as occurred in one patient in 
this study. ` 

Alternative. surgical procedures. Guiraudon et al. 
have reported” excellent early results with the use of 


an epicardial approach with cryothermic ablation. 


Such an approach, when no other cardiac pathology 
exists, offers the theoretical advantage of avoiding 
cardiopulmonary bypass, at least for some patients. 
Intermediate-térm results such as those reported 
here and by others*® suggest that the endocardial 
approach that uses cardiopulmonary bypass carries 
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minimal risk, little morbidity, and is nearly always 
curative for isolated anomalous AV pathways. These 
and long-term results will form a standard by which 
other procedures can be evaluated. 

Indications for operation. When accessory AV path- 
ways are associated with life-threatening arrhyth- 
mias, such as atrial fibrillation with rapid ventricu- 
lar rates or ventricular fibrillation," operation is 
clearly advised. Surgery for anomalous AV pathways 
(even if asymptomatic) is also generally recommend- 
ed when other cardiac procedures are planned. In 
view of the safety and curative nature of the proce- 
dure, surgical therapy is also recommended for 
patients who face many years. of medication to 
control supraventricular tachycardias resulting from 
anomalous AV pathways. 


SUMMARY 


Between October 1974 and March 1, 1985, 26 
patients with 29 anomalous AV bypass tracts under- 
went surgical treatment at the Medical Center of 
UAB, with follow-up from 1 to 14 years. Eleven of 
the patients underwent surgical correction of major 
associated cardiac anomalies. One patient had His 
bundle ablation, and 25 patients had direct surgical 
division of 28 bypass tracts with the use of an 
endocardial approach. Successful division was 
achieved in 27 (96%; confidence limits 88% to 99%) 
of 28 bypass tracts identified pre- and intraopera- 
tively. There were no hospital deaths, but on formal 
follow-up there were three late deaths, all occurring 
in patients with major associated cardiac pathology. 
Neither preexcitation nor reciprocating tachycardia 
recurred, and functional status was excellent among 
patients without associated cardiac lesions. Because 
of the safety and, at least on intermediate-term 
follow-up, apparently curative nature of this opera- 
tion (particularly for patients without other major 
cardiac pathology), surgical treatment is recom- 
mended for patients with bypass tracts having lethal 
potential, those with reciprocating tachycardia 
unresponsive to drugs, and to symptomatic patients 
facing many years of medications. 


ADDENDUM 


Since the end of follow-up for this study, one 
patient (the only patient in NYHA class III after 
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operation for isolated anomalous bypass tract) 
developed symptomatic recurrence of a left lateral 
bypass tract as well as a newly identified right 
anterior septal bypass tract. He underwent success- 
ful division of both pathways at reoperation, had a 
negative postoperative EPS, and is NYHA class II 3 
months postoperatively.. 


We are indebted to Dr. A. L. Waldo for his expertise in caring 
for many of these patients and for his guidance in developing 
these therapeutic protocols; to Dr. R. B. Karp who performed 
some of these operations; and to Ms. Terri McVay for her 
expertise in preparation of the manuscript. 
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Critical analysis of cineangiographic criteria for 
diagnosis of arrhythmogenic right ventricular 


dysplasia 


Claude Daubert, M.D., Christian Descaves, M.D., Jean-Luc Foulgoc, M.D., _ 
Claude Bourdonnec, M.D., Marcel Laurent, M.D., and Jacques Gouffault, M.D. 


Rennes, France 


Unless anatomic proof can be obtained from autop- 
sy, surgery,'? or endomyocardial biopsy, diagnosis 
of arrhythmogenic right ventricular dysplasia 
(ARVD) is based on the presence of ventricular 
arrhythmia with-left bundle branch block (LBBB) 
configuration and morphologic changes or motion 
abnormalities localized in the free wall of the right 
ventricle (RV). These abnormalities are usually 
associated with RV enlargement and diffuse hypoki- 
nesia with no identifiable etiology. Different tech- 
niques are used to detect these abnormalities: con- 
trast cineangiography,** two-dimensional (2D) 


echocardiography,”® and radionuclide angiogra- ` 


phy.” Contrast cineangiography remains the most 
reliable technique despite the complex and variable 
morphology of RV that-hinders interpretation. Pre- 
cise definition of pathologic changes must be based 
on strict methodology including comparison of 
results to a control series considered to be normal. 
These requirements have not always been met in 
previous publications and have led the authors to 
reevaluate cineangiographic criteria for diagnosis of 
ARVD. 


METHODOLOGY 


Study population. We investigated 21 consecutive 
patients with a high presumption of ARVD; these 
constituted group 1. There were 15 men and 6 
women with a mean age of 37 (range 14 to 69). Three 
patients, two men and one woman, were siblings and 
had béen presented in an earlier publication:" Diag- 
nosis of ARVD was based on the presence of signif- 
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icant ventricular arrhythmia with LBBB morpholo- 
gy in patients who did not have evidence of coronary 
artery disease or other heart disease and, in particu- 
lar, who presented no etiology of RV pressure or 
volume overload. Sustained ventricular tachycardia 
(VT) was observed in 13 patients, unsustained VT 
was seen in one patient, brief salvos of VT were seen 
in three, and complex premature ventricular con- 
tractions (PVCs) (= grade 4 in Lown’s classification 
were observed in the other seven patients. In all 
patients the RV origin of arrhythmia was confirmed 
by intracavitary recordings including endocardial 
cartography and/or pace mapping, which localized 
the arrhythmogenic zone in the RV. Morphologic 
and contraction abnormalities of the RV free wall 
were evident on selective cineangiographic in all 
patients. In two cases, histologic. confirmation of 
fatty fibrous dysplasia was available from a post- 
mortem examination (patient No. 14) or biopsy 
(patient No. 10 who underwent surgery for total 
disconnection of the RV free wall). In both cases, the 
direct anatomic findings correlated with the angio- 
graphic findings. 

A control group (group 2) was made up of 10 
patients (six men and four women; mean age 54, 
range 35 to 66 years) who presented no ventricular 
arrhythmia in a 24-hour Holter monitor recording 
and who had a cardiac catheterization with coronary 
arteriography and selective right and left ventricular 
angiography for atypical chest pain. All patients had 
no ECG, x-ray, echocardiographic, or cineangio- 
graphic evidence of heart disease. 

_ Cineangiography. RV cineangiography was per- 
formed according to the method described by Ubago 
et al.,’ which used a Berman balloon catheter whose 
tip was placed on the RV inferior wall as close to the 
middle as possible in order to give a uniform distri- 
bution of dye throughout the chamber. Before the 
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Fig. 1. Localized akinetic bulges on the inferior wall: end-diastolic and end-systolic images (60-degree 


RAO view). 


radiopaque dye was injected, a test injection of 10 ml 
of saline solution was performed manually; if ven- 
tricular arrhythmia was triggered, the catheter tip 
was moved until a nonarrhythmogenic position was 
found. The dye (Radioselectan, Scherring AG, West 
Germany) was injected at 10 ml/sec for 4 seconds (40 
ml). Films were obtained simultaneously in two 
orthogonal views, 30-degree right anterior oblique 
and 60-degree left anterior oblique with the use of a 
Siemens Biangioscope and a Pandoros 1200 genera- 
tor (Siemens AG, Munich, W. Germany). 

Selective LV cineangiography and coronarogra- 
phy were also obtained in 13 of the 21 patients in 
group 1; in seven others, LV function could be 
analyzed during the levophase of right ventriculo- 


graphy. 


Table I. RV volumes and ejection fraction in control 
group 





Patient RVEDV RVESV RVSV RVEF 

1 88 26 62 70 

2 95 40 55 58 

3 77 39 38 49 

4 78 32 47 59 

5 87 38 49 57 

6 65 26 39 60 

7 76 30 46 61 

8 69 28 41 59 

9 91 45 46 51 

10 86 31 55 63 
Means + SD 79 + 10 32 +6 47+8 59 + 6 





RVEDV = right ventricular end-diastolic volume (ml/m?); RVESV = right 
ventricular end-systolic volume (ml/m*); RVSV = right ventricular stroke 
volume (ml/m?); RVEF = right ventricular ejection fraction (%). 
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Table Il. Summary of data in 21 patients with ARVD (group I) 





Age at onset 


Patient Age (years) of symptoms RVEDV RVESV RVSV RVEF 
no. at study (years) Sex Arrhythmias (ml/m?) (ml/m?) (ml/m?2) (%) TR 
1 37 33 M sVT 70 46 24 34 
2 23 au, M PVCs 143 90 53 37 
3 14 12 F nsVT 167 66 101 60 
4 31 29 F SVT 46 
5 56 54 M sVT 143 106 37 26 #+ 
6 46 46 F PVCs/salvos 124 55 69 56 
7 27 25 M sVT 153 81 72 47 
8 27 26 M sVT 44 + 
9 43 40 M sVT 67 22 45 67 
10 27 23 M sVT 199 116 83 42 
11 36 36 M VF-VT 102 46 56 55 
12 33 29 F sVT 91 46 45 49 
13 69 59 M PVCs 17 
14 65 59 F sVT 123 TT 46 37 +++ 
15 35 30 M sVT 154 99 55 36 
16 31 31 M sVT 149 96 53 36 
17 23 22 M sVT 154 99 55 36 
18 58 58 F PVCs/salvos 136 79 57 42 ++ 
19 34 25 M PVCs 152 101 51 34 
20 25 25 M PVCs/salvos 130 64 66 51 + 
21 45 45 M PVCs 159 76 83 52 
mean + SD 37.4 + 14.6 34.7 + 13.8 134 + 26 76 + 34 58 + 18 43 + 12 





Abbreviations: sVT = sustained VT; nsVT = nonsustained VT; salvos = salvos of PVCs; VF = ventricular fibrillation; RVEDV = right ventricular 
end-diastolic volume; RVESV = right ventricular end-systolic volume; RVSV = right ventricular stroke volume; RVEF = right ventricular ejection fraction; 
TR = tricuspid regurgitation; AK = akinesia; LVEDV = left ventricular end-diastolic volume; LVEF = left ventricular ejection fraction; nl = normal; 
Inf, = infundibulum; AW = anterior wall; SA = subapical; Ap = apex; IA = inferoapical; IW = inferior wall; IB = inferobasal; Ant = anterior; AL = antero- 


lateral. 


The angiograms were analyzed by two indepen- 
dent observers. No PVCs occurred in 15 patients 
from group 1 or in six from group 2 during the right 
ventriculography; one or two PVCs were recorded in 
the other patients, in which case the cycle use for 
analysis occurred after two consecutive sinus beats. 
RV end-diastolic (RVEDV), end-systolic (RVESV), 
and ejection (RVEV) volumes as well as ejection 
fraction (RVEF) were measured by means of a 
surface-length method in the biplane mode.’ In 
patients No. 1, 15, and 16, due to a defect in the 
calibration reference system, only RVEF could be 
obtained. Tricuspid regurgitation (TR) was defined 
as a central regurgitation at each systole and was 
analyzed semiquantitatively in four grades: grade 
1 = minimal regurgitation rapidly washed out by the 
systolic flow; grade 2 = regurgitation with partial 
atrial opacification remaining during systole; grade 
3 = regurgitation with total and dense atrial opacifi- 
cation at the first systole; grade 4 = total and dense 
atrial opacification extending to the two venae 
cavae. 

The RV regional motion was analyzed qualitative- 
ly by classifying the different segments as normoki- 


netic, hypokinetic, akinetic, and dyskinetic. The 
anterior wall of the pulmonary infundibulum, the 
anterior portion of the RV free wall, the apex, and 
the RV inferior wall with its three segments (infe- 
roapical, medial, and basal corresponding to the 
subtricuspid region) were examined in the 30-degree 
right anterior oblique (RAO) view while the 60- 
degree left anterior oblique (LAO) view was used for 
studying the free wall and the supratricuspid 
region. 

Statistical analysis. Student’s t test with a proba- 
bility of 5% required to void the null hypothesis was 
used to compare the mean + SD for each parameter 
between patients with ARVD in group 1 and the 
controls in group 2. 


OBSERVATIONS 


Controls. RV volumes and RVEF were comparable 
in control patients (Table I). In four patients, dye 
evacuation along the RV inferior wall was slow but 
homogeneous, as dye could still be seen during the 
levophase of right ventriculography. In all patients, 
the inferior wall and the apex, best visualized in the 
30-degree RAO view, had a normal harmonious 
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RV segmental abnormalities 
Aneu- Deep nb of altered LVEDV LVEF Coronary 
Stasis Large AK Bulges rysms fissuring segments (ml/m2) (%) angiography 

Inf 1 60 69 

Inf 1 144 60 
IW Ap-Ant 1 118 60 
Ap IW 1 65 
IW IB-IW-IA SA 8 222 61 nl 
IW IA-Ap Ap-AW 3 131 44 nl 
IW IB-IW-IA Inf SA 3 132 61 nl 
IW Inf SA-AW 3 115 59 nl 

Inf 1 77 70 nl 
IW IA SA-AW 3 133 48 nl 
Ap Inf Ap 2 88 57 nl 
IW AL IW-Ap 2 83 69 nl 
AL IB-IW-AW IW AL 3 72 nl 
Global IB IW-inf Ap-AW 5 87 79 nl 
IB IB IB-Ap IW-AW 4 111 66 nl 
IB-Ap Ap-SA AW 2 116 69 nl 
IB IB-Ap 2 145 60 
IB-IW-Ap Ap 1 114 64 
IB IW-Ap AW 4 93 58 nl 

Ap Ap 1 
IB Ap Ap 1 

116 + 37 63 + 8 





structure and contraction. The pulmonary infundib- 
ulum was straight or slightly convex, and although 
weak wall motion was observed, there was never 
infundibulum akinesia nor dyskinesia. The mor- 
phology of the anterior wall was more difficult to 
analyze despite even chamber filling; the trabecula- 
tions were prominent in three patients, giving the 
impression that there was a cascade of horizontal 
fissures, earlier described as a “pile d’assiettes’’® 
image. 

ARVD (Table Il) 

Segmental morphologic and contraction abnor- 
malities. Large areas of akinesia covering an entire 
wall were observed in six patients (29% ); these areas 
involved the inferior wall in five cases and the 
anterior wall in one case. Usually the akinetic wall 
had an irregular morphology. 

Localized akinetic or dyskinetic bulges were opa- 
cified on the end-diastolic views in 17 patients 
(90%). By order of frequency, they were found at 
the apex (n = 9), on the infundibulum (n = 7), on 
the inferior wall (n = 6) (Fig. 1), in the subtricuspid 
area (n = 2), but never on the free wall. Multiple 
bulges could be seen in three patients. The infundib- 
ulum bulging occurred on the anterior wall; these 
were often areas of dyskinesia (n = 4) and could be 
described as localized aneurysms. In two of these 


cases several round opacified areas merged, giving a 
polycyclic image (Fig. 2). One voluminous aneurysm 
on the free wall produced a “double-chamber” 
image in one patient. 

Deep fissuring was evident at the apex (n = 3) or 
in the supra-apical area of the anterior wall (n = 7; 
33%). These deep conical images of fissuring were 
easily distinguishable from the “pile d’assiettes” 
horizontal fissures observed in eight patients (38%) 
and were similar to the images seen in some controls. 
However, in four of these eight patients, the fissures 
were deeper than in the controls. 

Slow evacuation of dye was seen in 17 patients 
(81%); in seven of these, evacuation was slower 
along the inferior wall, with homogenous stagnation 
of the opaque dye identical to that seen in controls. 
In the other patients, the slow evacuation appeared 
much more abnormal, occurring adjacent to poor 
contractile areas and giving either dense homoge- 
nous opacifications or fine plexiform or linear 
images. Areas involved were subtricuspid (n = 6) 
(Fig. 3), the apex (n = 4), or localized zones of the 
inferior wall (n = 6). 

Globally, abnormal wall morphology was observed 
in decreasing order of frequency at the apex (n = 15; 
71%), the inferior wall (n = 11; 52%), the anterior 
wall (n = 10; 48%), the subtricuspid area (n = 8; 
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Fig. 2. Localized dyskinesia on the infundibulum with round opacified areas merged, giving a polycyclic 


image (60-degree RAO view). 


ee 





Fig. 3. Late and dense homogenous opacification occurring adjacent to poor contractile area in the 


subtricuspid zone (60-degree RAO view). 


38%), and on the infundibulum (n = 7; 33%). One 
area was abnormal in eight patients (38%), two 
areas were abnormal in four patients (19%), three 
areas were abnormal in six patients (29%), and in 
the three other patients all the RV walls were 
abnormal. 

Global RV function. RV dilatation (Figs. 4 and 5) 
was evident in 17 patients (81%) in group 1 whose 
RVEDV and RVESV were significantly increased 
over mean control values + 2 SD, 108 ml/m? and 51 


ml/m?, respectively. Mean values for RVEDV and 
RVESV were significantly increased over mean con- 
trol volumes (p < 0.001). Inversely, certain patients 
with obvious areas of limited dysplasia, often in the 
infundibulum, had normal volumes or even reduced 
volumes (patients No. 1 and 9). Interestingly, in one 
patient (No. 14) only slightly increased RV volumes 
were observed despite diffuse dysplasia. . 

The RV dilatation in ARVD patients was usually 
associated with significant hypokinesia, as shown by 
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Fig. 4. RVEDV values in controls and in ARVD group. 
e = localized dysplasia; * = extensive dysplasia; dotted 
line = mean value + 2 SD (108 ml/m?). 


the low RVEF (Fig. 6) values in group 1 (48 + 12%; 
range 17% to 67%) as compared to controls (59 + 
6%). Nevertheless, significantly lower RVEF values 
(less than average control value —2 SD; 47%) were 
only found in a subgroup of 13 ARVD patients. 
There was no linear correlation between RVEDV 
and RVEF in group 1; however, a negative correla- 
tion (r = 0.72; p < 0.01) was found between RVESV 
and RVEF. RVSV was not significantly lowered in 
group 1. 

Tricuspid regurgitation was found in five patients 
(24%): grade 1 in one patient, grade 2 in three 
patients, and grade 3 in one patient (Fig. 7). These 
patients were not necessarily those with the most 
severe RV dysplasia. Patients No. 18 and 20 showed 
TR but had only one area of RV dysplasia and a 
moderate RV dilatation. 

When the results from patients with RV abnor- 
malities limited to one or two areas were compared 
to those with more severe lesions involving three or 
more areas (Fig. 8), increased RVEDV (124 + 36 vs 
149 + 26 ml/m?) and RVESV (66 + 29 vs 90 + 21 
ml/m?) and decreased RVEF (47 + 10% vs 38 + 
11%) were found in the second subgroup, but these 
differences were only significant for RVESV 
(p < 0.05). When these two subgroups were com- 
pared to controls, the differences were more signifi- 
cant in the second subgroup (p < 0.001 for RVEDV, 
RVESV, and RVEF) than in the first subgroup 
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Fig. 5. RVESV values in controls and in ARVD group. 
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Fig. 6. RVEF values in controls and in ARVD group. 
è = localized dysplasia; »* = extensive forms; dotted 
line = mean value —2 SD (47%). 


(p < 0.01 for RVEDV and RVESV: p <0.05 for 
RVEF). 

LV function and coronary angiography. Average 
LVEDV (116 + 37 ml/m?) and LVEF (63 + 8%) 
values in patients in group 1 were within the normal 
range. However, certain individuals had marked 
dilatation (patients No. 2, 5, and 17) and/or diffuse 
hypokinesia (patients No. 6 and 10). In 15 of the 19 
patients whose LV function was analyzed segment 
by segment, no morphologic or contractile abnor- 
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end-diastole 


Fig. 7. Grade 3 tricuspid regurgitation in an extensive from (60-degree RAO view). 


malities were observed. In the four others, however 
(22.2%), obvious abnormalities were seen: upper 
anterolateral wall hypokinesia (patient No. 19), 
anteroapical hypokinesia (patient No. 5), inferior 
wall akinesia (patient No. 10), circumferencial aki- 
netic zone ringing the central part of the LV without 
touching the apex or the basal segments (patient No. 
6). Coronary angiography conducted in 13 subjects 
was normal. 

Correlations between anatomy and cineangiogra- 
phy. Direct anatomic examinations were available in 


two patients: pathologic findings correlated well 
with the angiograms. Patient No. 14 died from 
uncontrollable VF while awaiting surgery. The post- 
mortem examination confirmed the absence of mac- 
roscopic or microscopic abnormalities of the left 
ventricle and coronary arteries. In agreement with 
angiograms (‘Table II), RV dilatation was moderate; 
the free wall was totally covered with abnormal fatty 
tissue. Macroscopic examination of RV sections 
revealed a predominance of fatty infiltration in the 
subtricuspid region, at the apex, and especially on 
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Fig. 8. Extensive ARVD with infundibular aneurysm, deep fissuring of the anterior wall, inferobasal 
akinesia, and severe RV systolic dysfunction (RVEDV = 161 ml/m?; RVEV = 37%). End-diastolic and 


end-systolic images in the 60-degree RAO view. 


the anterior wall of the infundibulum, which showed 
transmural infiltration with a very thin wall (2 mm). 
These findings probably explain the dyskinetie 
bulging of these regions observed during cineangiog- 
raphy. These was also marked hypertrophy and 
dense whitish fibrosis of most of the anterior border 
trabeculations and of the moderator band. These 
anatomic abnormalities probably explain the deep 
fissuring seen on angiograms of the apex and anteri- 
or wall. Tricuspid insufficiency resulted from two 
mechanisms: a dilated tricuspid ring and a dense 
fibrosis of two of the three tricuspid papillary 
muscles. 


In patient No. 10, the RV was clearly dilated and 
globally hypokinetic. Its surface was almost totally 
covered with fatty tissue, which predominated at the 
apex and near the inferior wall. Direct view of the 
beating heart during surgery revealed an important 
systolic expansion of the apex that collapsed after 
extracorporeal circulation was begun. When the 
apex was opened, the fatty infiltration was seen to 
extend to the juxta-apical portion of the anterior 
septum. This portion was also hypertrophied, with 
dense fibrosis of the moderator band and of several 
anterior and infundibulum trabeculations. 

Histologic examinations of biopsies made in 
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pathologic zones for both of these patients revealed 
typical lesions of fatty fibrous dysplasia, as recently 
reevaluated by Fontaine et al.! 


COMMENTS 


ARVD is a clinical and pathologic entity first 
described by Fontaine et al.,! characterized by vari- 
ous degrees of ventricular arrythmia, most often 
sustained VT with an LBBB configuration, and 
pathologic changes of the myocardium that in the 
pure form are limited to the RV wall excluding the 
interventricular septum. On macroscopic inspection, 
the RV is usually dilated and its wall is covered with 
a thick layer of fatty tissue. One or more oblong or 
dome-shaped outpouchings have paradoxical systol- 
ic motion; these “aneurysms” are most often exhib- 
ited in three RV segments: the anterior wall of the 
pulmonary infundibulum, the apex, and the basal 
part of the RV inferior wall, localization that Marcus 
et al. termed the “triangle of dysplasia.” The extent 
of myocardial dysplasia is variable and is often 
associated with hypertrophied myocardial trabecu- 
lations, particularly on the anterior wall and on the 
moderator band, explaining the angiographic images 
of deep fissures. 

Microscopic examination of the dysplastic zones 
reveals a striking poverty of myocardial fibers con- 
trasting with unusually abundant adipose tissue, 
which becomes predominant in the superficial wall 
layers often leaving intact the endocardium and 
subendocardium. In areas of fatty infiltration, the 
few remaining myofibrils may appear normal but 
often show signs of degeneration; they generally 
have a plexiform configuration and have various 
degrees of connection with the spared subendocar- 
dium.' Circumscribed areas of subendocardial and 
endocardial fibrosis with well-defined polycyclic 
borders often enclose a few myofibrils. This patho- 
logic situation is the histologic substratum logically 
leading to ventricular reentry arrythmia. The elec- 
trophysiologic mechanism is sometimes revealed by 
ventricular postexcitation potentials on some 
patients’ route ECG,° but is more easily detected by 
enhancing the surface recording through high ampli- 
fication and by signal averaging techniques, and is 
best defined by endocardial or epicardial map- 
ping.’ 

These segmental morphologic and motion abnor- 
malities can be detected by the usual imaging tech- 
niques, providing the lesion involves a sufficient 
area or depth. The diagnosis of ARVD should be 
based on these segmental abnormalities rather than 
on RV enlargement or global hypokinesia, which are 
often absent (as shown in this angiographic series), 
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particularly in very localized forms. Each imaging 
technique has its advantages and limits, which could 
explain discrepancies between series®; the different 
techniques should be considered as complementary 
and should be associated to obtain as much evidence 
as possible for diagnosis. 

Two-dimensional echocardiography interrogates 
the RV through cross-sectional views, notably the 
subxiphoid, which when sufficiently numerous can 
reveal structural or wall motion abnormalities in all 
segments except the infundibulum often difficult to 
assess. This technique, however, has its limits. It is 
difficult to display the entire cavity because of its 
size and configuration. True biplane images are 
difficult to obtain. Determination of volumes and 
ejection fraction is not based on a perfectly reliable 
method.” Finally, none of the series published to 
date included a control group, making it hazardous 
to define criteria for pathologic findings from these 
reports. 

Radionuclide angiography®"° yields precise and 
reproducible RVEFs and reliable ventricular vol- 
umes, giving a reproducibility that can be valuable 
in exercise tests to detect small functional changes. 
This method, however, is not particularly adapted to 
segment analysis because the scatter image obtained 
does not facilitate edge detection and hinders mor- 
phologic analysis; the LAO view correctly interro- 
gates segmental wall motion but only the free wall, 
rarely involved in ARVD, and the septum which by 
definition is free of lesions in pure RV forms: 
superpositions unfortunately occur in the RAO view, 
especially on the inferobasal segment, hindering 
precise analysis of the RV zone of interest. 

Within its limitations, contrast cineangiography 
remains the technique to be used for reference. If 
properly carried out, it clearly reveals the RV 
changes observed in ARVD. Abnormalities in the 
three segments most often involved—the inferobas- 
al, the apex, and the anterior wall of the infundibu- 
lum—are well displayed on RAO views. The free 
wall and the subtricuspid zone are seen on LAO 
views. The only segment difficult to analyze is the 
anterior wall, due to the trabeculations that give 
uneven images. Ventricular volumes and global con- 
tractility measurements can be made reliably and 
can be reproduced with biplane angiography by 
surface-length methods such as Ferlinz’s"® (used 
here) or Simpson’s rule. Tricuspid insufficiency is 
easily diagnosed and quantified. The required pre- 
cautions for selective angiography were fulfilled in 
this series. Two orthogonal views, rather than fron- 
tal-sagittal views, were made. Thirty-degree RAO to 
60-degree LAO views are better, since as they give a 
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more complete view of the segments involved in the 
dysplasia; for this reason they were employed in this 
study. Use of a special catheter, particularly the 
Berman balloon catheter, which can be held in a 
stable position thus avoiding the PVCs that are the 
principal inconvenient of this technique and that 
give a homogenous opacification because the dye is 
injected from lateral orifices upstream from the 
balloon were used. Digitalizing procedures’ should 
even further improve this technique by significantly 
decreasing the amount of dye injected at a slower 
rate. 

Observed changes in the RV with its complex and 
variable geometry cannot be defined as truly patho- 
logic except when compared to control specimens 
considered to be normal. Comparing angiographic 
findings in the series reported here to those found in 
a group of normal controls revealed that certain 
angiographic images reported in earlier series as 
abnormal changes have in fact no specific relation- 
ship with ARVD. Thus slow dye evacuation of the 
RV during the levophase was observed in 4 out of 
the 10 normal controls and was exhibited by 17 out 
of the 21 patients. Such evidence cannot be consid- 
ered truly pathologic unless the slow evacuation 
occurs directly over an extremely hypokinetic wall 
segment. Deep fissuring of the anterior border with 
a “pile d’assiettes” image, seen in 3 of the 10 normal 
controls, was observed in 8 of the 21 patients. Such 
findings can hardly be used to define qualitative 
criteria to distinguish between normal and patholog- 
ic states. These nonspecific angiographic images 
cannot alone suffice for diagnosis of ARVD; their 
value becomes apparent only when they are associ- 
ated with other specific evidence. Inversely, certain 
localized angiographic findings seem to be highly 
specific: akinetic or dyskinetic bulges, outpouchings 
or aneurysms, wide and deep fissuring of the apex or 
the inferior wall, and finally extended areas of 
akinesia. These manifestations were never found in 
controls, confirming earlier reports?® 1718 that indi- 
cated their diagnostic value. 

Such angiographic images are not, however, abso- 
lutely specific for ARVD. Identical or nearly similar 
abnormalities have been described in other patho- 
logic situations such as RV infarction” in its acute 
phase or as sequelae, as well as after surgical correc- 
tion of certain congenital cardiopathies, notably 
these concerning the pulmonary outflow tract. Dis- 
tinguishing these pathologies from ARVD can even- 
tually be difficult since they may be complicated by 
VT with LBBB configuration.” Possible diagnoses 
other than ARVD were formally excluded in the 
group of patients studied here; specifically, system- 


Diagnosis of arrhythmogenic RV dysplasia 457 


atic coronary angiography was performed in patients 
aged over 45 years or if there was a doubt about 
coronary disease. These investigations were always 
normal. It is highly unlikely that other pathologic 
states that can lead to chronic RV dysfunction (such 
as isolated tricuspid regurgitation, chronic cor pul- 
monale, mitral valvulopathies, or volume overload 
by left-to-right shunt) were involved here, since 
these pathologies generally result in overall RV 
dilatation and hypokinesia without localized mor- 
phologic and contraction abnormalities as are 
observed in ARVD. 

RV dilatation and extensive hypokinesia are gen- 
erally considered®>*° habitual if not constant signs 
of ARVD. This angiographic series has shown that 
in localized forms, and in particular in dysplasias 
involving only the infundibulum, RV volumes and 
RVEF can be normal; enlargement and diffuse 
hypokinesia are not necessary for the diagnosis of 
ARVD. There is no exact relationship between the 
degree of RV systolic dysfunction and the extension 
of segmental abnormalities; the most severe forms 
are not necessarily associated with the greatest 
degree of dilatation or hypokinesia. Nevertheless, in 
general two forms of ARVD appear distinguishable 
by angiography. In localized forms with mono- or 
bisegmental lesions, a systolic RV dysfunction is not 
always found and, if found, is usually moderate. In 
extensive forms with multiple-segmental lesions, 
systolic RV dysfunction is always present but with 
variable severity. In very severe cases, RVEF can be 
overestimated due to tricuspid insufficiency. How- 
ever, tricuspid regurgitation is not only exhibited by 
the most dilated forms or those with the more severe 
hypokinesia, since we observed three cases of TR in 
localized dysplasia with only moderate RV enlarg- 
ment and hypokinesia. Ventricle dilatation was 
apparently not the only mechanism involved in 
these cases of TR. 

In this series, 6 of the 21 patients exhibited 
obvious global or segmental LV dysfunction. The 
earliest series of ARVD reported possible biventric- 
ular lesions, and pathologic studies! have shown that 
the dysplasia could extend to the LV, especially into 
the anterior and posterior paraseptal regions. Differ- 
ing from typical RV histology, the LV lesions pre- 
dominantly show fibrosis rather than fatty infiltra- 
tion. In such cases, the distinction between ARVD 
and primary biventricular cardiomyopathy is not 
easy. In this study, ARVD patients were not com- 
pared to another control group made up of patients 
with dilated biventricular cardiomyopathies. Never- 
theless, in an earlier work, Drobinski et al. have 
demonstrated that while RV dilatation and hypoki- 
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nesia in ARVD are identical with LV involvement 
and dilated cardiomyopathies, the latter never pre- 
sented the localized morphologic and contraction 
abnormalities that are constantly observed in 
ARVD. These observations are an additional proof 
of the sensitivity and specificity of angiograms in 
ARVD. 

In certain other investigations associated LV 
involvement would be a much more frequent finding 
than that observed here, but it was often overlooked 
due to the absence of functional expression. With 
the use of resting and exercise radionuclide angiog- 
raphy, Manyari et al.? found that four of their six 
patients with ARVD apparently limited to the RV 
had latent LV dysfunction, characterized by a lack 
of increase or even by a decrease in LVEF during 
exercise. In fact, this finding could have two expla- 
nations: either nondetected histologic LV lesions 
compatible with a generalized cardiomyopathy; or, 
more likely, LV dysfunction secondary to RV dys- 
function exaggerated by exercise, leading to modi- 
fied septal motion and LV filling as is often seen in 
cases of acute RV dysfunction of various origins 
such as RV infarction and acute cor pulmonale. 

In conclusion, this report has shown that selective 
high quality RV cineangiography, rigorously inter- 
preted and compared to a control series, can reliably 
be used to diagnose ARVD. The diagnosis is based 
much more on the presence of characteristic seg- 
mental morphologic and motion abnormalities (lo- 
calized akinetic or dyskinetic bulges, outpouchings 
or aneurysms, deep fissuring in apical, supra-apical 
or inferior wall segments, extended akinesia) than 
on ventricle enlargement and global hypokinesia, 
which are not always present and whose severity is 
not directly correlated to the extent of segmental 
lesions. Other angiographic findings such as slow 
dye evacuation or fissuring along the anterior wall 
must be interpreted carefully, because they are not 
specific. Angiography can also successfully guide 
later electrophysiologic mapping and ultimately 
help in choosing the best site for endocardial electri- 
cal ablation” or surgical excision” ” in cases of severe 
arrythmia uncontrollable by antiarrhythmic drugs. 
Nevertheless, angiography, like the other techniques 
currently available, can only detect sufficiently 
extended myocardial lesions and probably is silent 
in cases of very localized zones of dysplasia, especial- 
ly if they are isolated. More sophisticated tech- 
niques are certainly necessary to uncover these 
lesions; when such techniques become available, we 
shall perhaps notice a sharp decrease in the number 
of “benign and apparently idiopathic” cases of RV 
arrhythmias. 
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SUMMARY 


Biplane 30-degree RAO and 60-degree LAO RV 
selective cineangiography was performed in 21 
patients with significant ventricular arrhythmias 
(ventricular tachycardia in 14, salvos in three, and 
complex PVCs in seven) and a high presumption of 
arrhythmogenic RV dysplasia (ARVD), and in a 
control group of 10 presumed normal individuals. 
Comparing the two series revealed the lack of speci- 
ficity of some angiographic images usually reported 
as suggestive signs of ARVD, such as slow dye 
evacuation of RV during the levophase and deep 
fissuring in the anterior wall with a “pile of plates” 
image. Inversely, localized morphologic and contrac- 
tion abnormalities in the RV free wall were more 
sensitive and specific signs for diagnosis of ARVD; 
these were localized akinetic or dyskinetic bulges 
sometimes giving a true image of aneurysm (90%), 
wide and deep fissuring of the apex or of the inferior 
wall (33%), and large areas of akinesia. By order of 
frequency, these abnormalities were found on the 
apex in 71%, on the inferior wall in 52%, on the 
anterior wall in 48%, in the subtricuspid area in 
38%, and on the pulmonary infundibulum in 33%. 
These localized lesions can suffice for the diagnosis 
of RV dysplasia in the absence of associated pathol- 
ogies, such as ischemic heart disease or congenital 
defects. Usually a global RV systolic dysfunction is 
associated in ARVD, as confirmed by greater RV 
volumes (134 + 26 vs 79 + 10 ml/m? for RVEDV, 
p <0.001; 76 + 34 vs 32 +6 ml/m? for RVESV, 
p < 0.001), and lower RV ejection fraction (58 + 
18% vs 47 + 8%, p < 0.001) in the ARVD group 
compared to controls. Nevertheless, normal RV 
volumes and ejection fraction can be observed in 
some localized forms with mono- or bisegmental 
lesions in which RV systolic dysfunction is absent or 
moderate, and extensive forms with multiple seg- 
mental lesions where RV systolic dysfunction is 
constant and often severe. Six out of 21 patients in 
the ARVD group exhibited obvious global or seg- 
mental LV dysfunction, indicating the possibility of 
biventricular forms, as previously reported in other 
publications. 
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Evaluation of balloon aortic valvuloplasty 
with transesophageal echocardiography 


Stephen E. Cyran, M.D., Thomas R. Kimball, M.D., 
David C. Schwartz, M.D., Richard A. Meyer, M.D., 
R. Dennis Steed, M.D., and Samuel Kaplan, M.D. 
Cincinnati, Ohio 


Percutaneous balloon valvuloplasty for the relief of con- 
genital aortic valve stenosis in pediatric patients is being 
performed with increasing frequency.!” Balloon valvulo- 
plasty, however, may be complicated by cusp tear or 
avulsion, resulting in a worsening of aortic valve incompe- 
tence.** Recognition of these adverse effects during the 
procedure could caution against additional dilatations 
with larger balloon catheters and may prevent further 
deterioration in aortic valve competence. Transesophageal 
echocardiography, which has proven to be a valuable 
technique for monitoring intraoperative cardiac function 
and myocardial ischemia in adults, would appear to be 
ideally suited for such a task.ë We describe the first use of 
transesophageal echocardiography to monitor cardiovas- 
cular changes during percutaneous balloon valvuloplasty 
in an adolescent with congenital aortic stenosis. 

A 14-year-old obese boy with congenital valvar aortic 
stenosis was admitted for percutaneous balloon valvulo- 
plasty. Prior cardiac catheterization had demonstrated a 
58 mm Hg peak systolic aortic valve pressure gradient and 
mild aortic valve incompetence. Graded exercise testing 
had revealed 2 mm of left precordial ST segment depres- 
sion. The patient remained asymptomatic until 3 months 
prior to admission, when he developed angina and 
decreased exercise tolerance. On physical examination, 
the patient was obese (115 kg), with a blood pressure of 
110/80 mm Hg. A prominent left ventricular impulse, 
precordial thrill, and grade 4/6 systolic ejection murmur 
were present. An early diastolic murmur was not audible. 
Chest roentgenography showed left ventricular promi- 
nence, while electrocardiography revealed left ventricular 
hypertrophy with T wave inversion in the left precordial 
leads. Precordial two-dimensional echocardiography was 
of poor quality due to the patient’s obesity. Continuous 
wave Doppler examination demonstrated a 120 mm Hg 
peak instantaneous systolic gradient and mild aortic valve 
incompetence. Catheterization and valvuloplasty were 
performed under general anesthesia. Following endotra- 
cheal intubation, a 5 MHz transesophageal echocardiogra- 
phy probe (Hewlett-Packard Co., Andover, Mass.) capable 
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of color flow mapping was inserted through the oropha- 
rynx into the esophagus. In order to limit esophageal 
trauma, this was accomplished by direct visualization with 
a laryngoscope. Two-dimensional images were obtained in 
the standard transesophageal echocardiographic planes.* 
Monitoring of left ventricular function was performed in 
the ventricular short-axis view. 

Transesophageal echocardiography demonstrated 
thickening and limited excursion of the aortic valve 
leaflets (Fig. 1, A) as well as severe concentric hypertrophy 
of the left ventricle prior to valvuloplasty. The aortic valve 
anulus diameter measured 21 mm and supravalvar nar- 
rowing was noted and measured 19 mm. Pulsed Doppler 
examination and color flow mapping revealed mild aortic 
valve incompetence, with the regurgitant jet coursing 
alongside the anterior mitral valve leaflet. Aortic valve 
incompetence was also apparent during contrast injection 
into the aortic root, when microbubbles were seen entering 
the left ventricle. Turbulent systolic flow in the proximal 
aorta was visualized by color flow mapping in a modified 
pulmonary artery view. Four dilatations to 3.5 atmo- 
spheres were performed with an 18 mm balloon catheter. 
The catheter position (Fig. 1, B) and balloon position and 
size (Fig. 1, C) were readily seen by transesophageal 
echocardiography before and during each inflation. Fol- 
lowing valvuloplasty, the peak catheter systolic left ven- 
tricular outflow tract gradient was reduced from 67 to 34 
mm Hg. Wider excursion of the aortic valve leaflets 
without cusp tears or avulsions was demonstrated (Fig. 1, 
D). Transesophageal color flow mapping demonstrated a 
small increase in the aortic valve regurgitant jet diameter 
and turbulence (Fig. 2). Left ventricular area shortening 
fraction determined before and after valvuloplasty did not 
change (40% vs 42%). The transesophageal probe was 
removed before reversal of general anesthesia. 

Transesophageal echocardiography is gaining increased 
acceptance for the monitoring of intraoperative cardiac 
function in adults.’ In addition, it has been helpful in the 
echocardiographic evaluation of adults with chronic lung 
disease or obesity in whom precordial images are difficult 
to obtain.’ Due to the perception of a prohibitively large 
probe size, however, its use has not been reported in any 
patient less than 16 years of age. We have utilized 
transesophageal echocardiography without adverse effect 
in children as young as 7 years of age (unpublished data) 
and report here its first successful use in a 14-year-old 
adolescent during balloon aortic valvuloplasty. 

The beneficial applications of transesophageal echocar- 
diography noted previously can also be seen in this report. 
Due to the patient’s obesity, effective precordial echocar- 
diography was difficult. Transesophageal evaluation pro- 
vided the only useful images of valve anatomy, left 
ventricular function and size, and the degree and charac- 
ter of aortic valve incompetence. More importantly, we 
describe a new application of the technique. Actual visu- 
alization of the aortic valve cusps and the degree of 
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Fig. 1. Cross-sectional views of the aortic valve (AO) before, during, and after balloon valvuloplasty. 
Since the transesophageal probe is posterior to the heart, the posterior left atrium (LA) is at the top of the 
figure and the AO is toward the bottom, while the right atrium (RA) is to the right. A, The stenotic AO pre 
ballooning. B, A modified short-axis view showing the deflated balloon catheter (arrow) passing through 
the aortic valve leaflets (arrowheads). C, The balloon catheter is inflated (arrows). The arrowheads denote 
waisting of the balloon at the level of the aortic valve leaflets. D, The aortic valve leaflets following 
valvuloplasty, demonstrating a larger orifice and absence of any tears or avulsions. 


incompetence during balloon valvuloplasty can determine 
whether further value dilatation with a larger balloon size 
is warranted. In our case, because a 50% reduction in 
aortic valve gradient was achieved and a small but detect- 
able increase in aortic valve incompetence was noted, 
further dilatation with a larger balloon was not per- 
formed. 

Transesophageal echocardiography in this patient per- 
mitted direct visualization of the balloon that allowed for 


optimal transannular balloon placement. Imaging of the 
aortic valve leaflets before and after dilatation confirmed 
the absence of any obvious tears or avulsions. In addition, 
left ventricular function was clearly demonstrated to be 
within the normal range following the dilatations. 

In summary, this report describes the first use of 
transesophageal echocardiography to monitor changes in 
cardiac anatomy and function during percutaneous bal- 
loon aortic valvuloplasty. Direct imaging of the balloon 
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Fig. 2. Modified short-axis views of color flow mapping that demonstrate widening of the aortic 
regurgitant jet following balloon valvuloplasty (A) compared to the jet before balloon valvuloplasty 


(B). 


catheter allowed for optimal balloon orientation during 
dilatation. Furthermore, because transesophageal echo- 
cardiography has the ability to readily visualize valve 
anatomy and the severity of valve incompetence, it can (1) 
obviate the need for repetitive angiography, and (2) 
preclude further dilatation with potentially deleterious, 
larger balloon sizes. 
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Problems encountered with catheter 
balloon valvuloplasty of bioprosthetic 
aortic valves 


Charles R. McKay, M.D., Bruce F. Waller, M.D., 
Robert Hong, M.D., Nathan Rubin, M.D., 
Cheryl L. Reid, M.D., and 

Shahbudin H. Rahimtoola, M.B., F.R.C.P. 

Los Angeles, Calif., and Indianapolis, Ind. 


We present two patients with “stenotic” aortic biopros- 
thetic valves who were treated with catheter balloon 
valvuloplasty. To the best of our knowledge, these are the 
first two such clinical cases. Pathologic examination of the 
prosthetic valves revealed the causes of the variable 
hemodynamic results that were produced by catheter 
balloon valvuloplasty. 

Case No. 1. A 28-year-old man was admitted to LAC- 
USC Medical Center with progressive dyspnea and 
orthopnea of 2 months’ duration. Six years prior to 
admission, he underwent aortic valve replacement with a 
porcine bioprosthetic valve for symptomatic severe aortic 
regurgitation. Physical examination demonstrated a heart 
rate of 105/min, a blood pressure of 120/70 mm Hg, a 
decreased carotid upstroke, and diffuse pulmonary rales. 
The valve sounds were loud, and a harsh, grade 3/6 
ejection systolic murmur was heard at the third left 
sternal edge. The ECG showed sinus rhythm with left 
ventricular hypertrophy. The chest x-ray study showed 
interstitial pulmonary edema. An echo-Doppler examina- 
tion showed a peak gradient of 80 mm Hg across the 
bioprosthetic aortic valve. The patient failed to improve 
on digitalis and diuretics, declined aortic valve replace- 
ment surgery, but consented to cardiac catheterization 
and catheter balloon valvuloplasty. 

The left ventricular and aortic pressures are shown in 
Fig. 1. After retrograde aortic catheter balloon valvulo- 
plasty with a balloon dilatation catheter of 18 and then 20 
mm diameter (Mansfield Scientific, Mansfield, Mass.), 
the mean aortic valve gradient decreased from 57 to 41 
mm Hg (a 16 mm Hg decrease), and the aortic valve area 
increased from 0.7 to 0.8 cm?. Supravalvular aortography 
showed no aortic regurgitation. Left ventricular angiogra- 
phy showed no mitral regurgitation and an ejection frac- 
tion of 0.35. The patient initially noted improved symp- 
toms at rest. However, he had recurrent symptoms on 
exercise and agreed to have aortic valve replacement. A 21 
mm bioprosthetic valve was removed without complica- 
tions and a 23 mm St. Jude Medical valve was inserted. 
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Fig. 1. Aortic and left ventricular pressures before (top) 
and after (bottom) catheter balloon valvuloplasty (CBV). 
With CBV treatment, the left ventricular pressure 
decreased from 185/10-30 to 178/10-15 mm Hg and the 
aortic pressure increased from 115/80 (mean 95) to 135/90 
(mean 105) mm Hg. The cardiac output remained stable 
at 5.5 L/min. The transvalvular pressure gradient, shown 
in the stippled area, decreased from 57 to 41 mm Hg, and 
the aortic valve area was 0.7 cm? before and 0.8 cm? after 
CBV. 


The operatively-excised Angell-Shiley porcine biopros- 
thetic valve showed marked degenerative changes (Fig. 2). 
One of the three cusps was immobilized by heavy calcific 
deposits and fibrosis, while the remaining two cusps had 
focal and mild calcific deposits and fibrosis. The free 
margin of the immobilized cusp also had a 5 mm tear 
slightly below the free margin (Fig. 2, B). All three 
commissures were open. 

Case No. 2. A 31-year-old woman was admitted to 
LAC-USC Medical Center with severe pulmonary and 
peripheral edema. Ten years previously, she had postpar- 
tum streptococcal aortic valve endocarditis, was treated 
with antibiotics, but required urgent aortic valve replace- 
ment and mitral and tricuspid annuloplasty procedures. 
Five months prior to admission, she experienced fatigue, 
orthopnea, and edema. The blood pressure was 100/60 mm 
Hg, respiration rate was 36/min, and the heart rate was 
110/min. The heart sounds were obscured by rales and 
rhonchi throughout both lung fields. The liver was large 
and pulsatile. The ECG showed sinus tachycardia with 
left ventricular hypertrophy. Chest x-ray film showed 
diffuse pulmonary edema. The serum glutamic oxaloacetic 
transaminase (SGOT) was 660 U, and the prothrombin 
time was 30%. An echo-Doppler examination demon- 
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Fig. 2. Operatively-excised stenotic porcine bioprosthet- 
ic valve (Angell-Shiley, 21 mm) following balloon valvulo- 
plasty showing primary degenerative changes. A, Ventric- 
ular view showing fibrotic cusps and cuspal calcific depos- 
its. B, Aortic view showing heavy calcific deposits immo- 
bilizing one of three cusps and a cuspal tear just above 
lower right stint, C, Radiograph showing heavy calcific 
deposits. 


strated a peak systolic gradient of 154 mm Hg across the 
aortic bioprosthetic valve. Medical treatment was ineffec- 
tive, and the patient lost alertness, became acidotic, and 
required intubation. Permission for emergency cardiac 
catheterization and catheter balloon valvuloplasty was 
obtained from the patient’s family. 

The left ventricular and aortic pressures are shown in 
Fig. 3. After retrograde aortic catheter balloon valvulo- 
plasty with a 15 mm diameter balloon catheter, the 
prosthetic aortic valve mean gradient was reduced from 81 
to 38 mm Hg (a decrease of 43 mm Hg). Echo contrast 
studies in the cardiac catheterization laboratory! showed 
that the aortic regurgitation had increased from 1+/4+ to 
3+/4+ and that the mitral and tricuspid regurgitation 
remained unchanged at 4+/4+. The patient was extubated 
and weaned off dobutamine over 12 hours. The SGOT was 
reduced to 265 U, and the prothrombin time improved to 
52%. A repeat echo-Doppler examination demonstrated a 
50 mm peak aortic gradient, 3+ aortic regurgitation, and 
reduced (2+/4+) mitral and tricuspid regurgitation. The 
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Fig. 3. Aortic and left ventricular pressures before (top) 
and after (bottom) catheter balloon valvuloplasty (CBV). 
After CBV, the left ventricular pressure decreased from 
220/0-30 to 190/8-33 mm Hg and the aortic pressure 
increased from 105/70 (mean 85) to 150/85 (mean 110) 
mm Hg. The cardiac output was 3.5 L/min before and 3.2 
L/min after CBV. The transvalvular pressure gradient 
decreased from 81 to 38 mm Hg. The aortic valve area was 
0.3 cm? before CBV but was not calculated after CBV due 
to the new severe aortic regurgitation. 


patient was scheduled for cardiac surgery, but developed a 
rapidly progressive metabolic alkalosis (pH of 7.67) and 
died of refractory ventricular arrhythmias. The heart with 
the intact porcine bioprosthetic valve (Hancock, 21 mm 
diameter) is shown in Fig. 4. Degenerative changes in- 
cluded heavy calcific deposits and fibrosis, with stiffening, 
tears, and perforations of all three cusps, and broken 
and friable calcific deposits. The tears may be the result 
of preexisting degenerative changes, but more likely 
represent changes resulting from the balloon dilation. 
The fractured calcified deposits are most likely the result 
of the dilation procedure. One of the cusps is torn away 
from what appears to be a previously fused commis- 
sure and accounts for the new severe aortic valve regur- 
gitation. 

The two different hemodynamic results seen in our 
cases could be explained after pathologic examination of 
each valve. In our first case, catheter balloon valvuloplasty 
resulted in no significant change in valve area. Pathologic 
examination showed that there was no fusion of the 
commissures, which might potentially have been opened 
with catheter balloon valvuloplasty. The valve cusps that 
were stiffened by fibrocalcific deposits could not be made 
more pliable by the catheter balloon valvuloplasty. The 
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small tear along the free margin may have been the result 
of catheter balloon valvuloplasty or part of preexisting 
degenerative changes.’ 

A 21 mm diameter bioprosthetic valve (valve area of 0.8 
to 1.3 cm?) would have a high.residual valve gradient, 
which might increase over time due to calcification and 
fibrosis.+4 In addition, when this 21 mm valve was 
removed, it was easily replaced by a larger 23 mm 
diameter prosthesis. Therefore, another contributing 
cause of the prosthetic “stenosis” in this patient was valve 
prosthesis—patient mismatch.: Valve prosthesis—patient 
mismatch is difficult to diagnose precisely, except at 
surgery or by pathologic examination, and in order to be 
treated it requires valve re-replacement. 

In the second case, catheter balloon valvuloplasty 
resulted in a reduction in mean aortic valve gradient from 
81 to 38 mm Hg and was associated with transient clinical 
improvement, but new severe aortic regurgitation was also 
produced. Pathologic examination showed that the cathe- 
ter balloon valvuloplasty had probably produced some 
relief of the stenosis. The fibrocalcific deposits that had 
stiffened the cusps and had fused the commissures caus- 
ing restricted commissural separation, had been fractured. 
Catheter balloon valvuloplasty also produced a tear in one 
cusp and severe aortic regurgitation. 

Other potential problems of catheter balloon valvulo- 
plasty of bioprosthetic valves not encountered in our 
patients include: (1) the presence of vegetations or subval- 
vular tissue growth’ that would preclude catheter balloon 
valvuloplasty treatment; (2) extensive valve thrombosis? 
that may result in embolization; and (3) degenerative tears 
and perforations in porcine valve cusps.” In these valves, 
and in valves with a perivalvular leak, there is a possibility 
of passing the guidewire across a small cusp hole or 
through a perivalvular space. Subsequent passage of the 
balloon and attempted dilation may lead to catastrophic 
heart damage. 

An important mechanism of relief of native valve 
stenosis appears to be separation of fused commissures.’ 
In contrast, pathologic examination of stenotic porcine 
bioprosthetic valves that have been in place for 4 or more 
years shows a primary calcific degenerative process in a 
vast majority of cases. The calcific degenerative process 
frequently involves the porcine cusps, infrequently causes 
fusion of the commissures, and may cause cuspal tears?’ 
and valve insufficiency. These expected patterns of 
degeneration may limit the therapeutic efficacy of cath- 
eter balloon valvuloplasty for stenotic bioprosthetic 
valves. 

Catheter balloon valvuloplasty may reduce aortic por- 
cine bioprosthetic valve gradients and improve the clinical 
status of acutely ill patients with bioprosthetic valve 
stenosis. Because of the clinically unpredictable results, 
catheter balloon valvuloplasty of bioprosthetic valves 
should be restricted to highly selected patients* who have 
no evidence of thrombosis, regurgitation, subvalvular 
fibrous tissue in-growth, or valve prosthesis—patient mis- 
match. 
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Fig. 4. Stenotic porcine bioprosthesis (Hancock, 21 mm) 
following balloon valvuloplasty. A, View of prosthetic 
valve at necropsy showing marked degenerative changes 
including cuspal fibrosis, calcific deposits, and perfora- 
tions. B and C, Autopsy-excised prosthetic valve showing 
heavily calcified cusps. Portions of the calcific deposits are 
broken and a cusp is torn away from a previously fused 
commissure. These changes appear to have resulted from 
the valvuloplasty procedure. D, Radiograph showing 
extensive calcific deposits. 
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Coronary angioplasty of septal perforator 


Atul Trivedi, M.D., Gerardo Voci, M.D., and 
Vidya S. Banka, M.D. Philadelphia, Pa. 


Percutaneous transluminal coronary angioplasty (PTCA) 
has revolutionized the management of patients with ische- 
mic heart disease. With increasing experience, the indica- 
tions for revascularization by PTCA have continued to 
expand.'” The interventricular septum is an important 
wall, both for the left as well as for the right ventricle. It 
constitutes a large portion of the left ventricular myocar- 
dium and plays an important role in both left and right 
ventricular function.’ Its radius of curvature is the same as 
that of the left ventricular free wall and comprises about 
one third of the total left ventricular mass.‘ Although the 
blood supply of the interventricular septum is dependent 
on multiple septal perforator branches of the left anterior 
descending and the posterior descending arteries, in many 
patients with severe proximal obstruction of the left 
anterior descending artery the first septal perforator is 
noted to be an extremely large vessel and serves as a major 
source of blood supply to the interventricular septum.® In 
the study by Stoney et al.,° almost 30% of the patients 
were noted to have a large first septal perforator.” A 
stenosis in the first septal perforator may therefore jeo- 
pardize a significant amount of myocardium and thus 
deserve revascularization. Surgical attempts at bypassing 
the septal perforator are only made by very few experi- 
enced surgeons, due to the difficulty in accessibility of this 
vessel.®*!0 PTCA offers an excellent and easy approach to 
revascularization of the septal perforator. We recently 
treated two patients who had a proximal stenosis in the 
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large septal perforator in addition to stenosis of other 
vessels. 

Case No. 1. J.C., a 40-year-old white man with the risk 
factor of smoking, was admitted with symptoms of unsta- 
ble angina and left ventricular (LV) dysfunction. He had a 
history of three episodes of myocardial infarction, the last 
episode occurring in March, 1985. His admission ECG 
showed evidence of old anterior wall myocardial infarction 
(QS pattern in leads V, to V,) and marked ST elevation in 
the precordial leads. After ruling out acute myocardial 
infarction by serial ECGs and enzymes, coronary arteriog- 
raphy was performed. The ventricle was mildly dilated 
and showed akinesis of the entire anterolateral wall and 
apical segment. Ejection fraction was 30%. There was a 
“berry-sized” thrombus in the upper portion of the anter- 
olateral segment. The left main, circumflex, and right 
coronary arteries were normal. The left anterior descend- 
ing artery was totally occluded just distal to the origin of a 
large septal perforator which itself showed a discrete 80% 
concentric stenosis in its proximal segment (Fig. 1, A). 
The patient was being treated with long-acting nitrates, 
calcium channel blockers, diuretics, and digoxin. In view 
of continuing symptoms of chest pain despite maximal 
medical management, the stenosis in the septal perforator 
was considered to be the “culprit lesion.” 

With the patient’s informed consent, he was returned to 
the cardiac catheterization laboratory for PTCA, 2 days 
following his initial coronary angiography. By means of 
the standard femoral approach, an Amplatz left No. 1 
guiding catheter (USCI Division of C. R. Bard, Billerica, 
Mass.) was positioned in the left main coronary artery. 
The septal perforator was approached with a standard 
steerable guidewire. Because of the acute angle between 
the left anterior descending artery and the first septal 
perforator, the J tip of the guidewire was accentuated. 
After the guidewire entered the septal perforator, a 3 mm 
LPS dilating catheter (USCI Division of C.R. Bard, 
Billerica, Mass.) was positioned at the level of the stenosis 
and a 41 mm Hg gradient was recorded across the stenosis. 





Post PTCA 


Fig. 1. A, Stenosis in the septal perforator (arrow). Cineangiography under low magnification. B, Septal 
artery after percutaneous transluminal coronary angioplasty. Cineaniogram under higher magnifica- 


tion. 
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Three serial inflations were done with a maximal inflation 
time of 40 seconds and a maximal inflation pressure of 8 
bars. The stenosis was reduced from 80% to 30% and the 
gradient was reduced from 41 to 9 mm (Fig. 1, B). 
Throughout the procedure the patient remained stable, 
with some pressure sensation in the chest during the 
initial dilatation. No ECG changes were observed during 
the balloon inflations. He subsequently had an uncompli- 
cated course and was discharged on long-acting nitrates, 
calcium blockers, aspirin with codeine, dipyridamole, 
digoxin, and diuretics. He remained asymptomatic until a 
6-month follow-up examination, after which he again 
began to experience chest discomfort. Repeat coronary 
arteriography revealed restenosis of the septal lesion. 
PTCA was again successfully performed and the patient 
has remained asymptomatic since then. 

Case No. 2. N.I., a 44-year-old Hispanic man with a 
history of angina for the past 5 years, was admitted to our 
hospital with acute anterior wall myocardial infarction. 
Admission ECG showed evidence of old inferolateral 
myocardial infarction with ST elevation in the precordial 
leads. His current admission was complicated by ventric- 
ular arrhythmias that were controlled with lidocaine, 
followed by tocainide. He continued to experience post 
infarction angina. Cardiac catheterization was done, 
which showed moderate cardiomegaly with severe diffuse 
hypokinesis. Akinesis of the anterolateral and inferior wall 
was noted. Left ventricular ejection fraction (EF) was 
22%. The left anterior descending artery was totally 
occluded just distal to the origin of the first major septal 
perforator. The first septal perforator was a large-sized 
vessel going through the entire depth of the septum and 
had a stenosis of approximately 70% proximally near its 
origin from the left anterior descending artery (Fig. 2, A). 
It also supplied collaterals to the distal right coronary 
artery, which was totally occluded proximally. The cir- 
cumflex was a large vessel and had a 60% stenosis in the 
proximal part of the marginal branch. There was a fairly 
good-sized intermediate branch (ramus intermedius) that 
showed a discrete 60% stenosis in its proximal segment. In 
view of his young age, multivessel disease, and poor LV 
function, revascularization with PTCA was considered to 
have less risk than coronary bypass. PTCA of the first 
septal perforator, acute marginal branch, and the ramus 
intermedius was done via the femoral approach. 

After taking the preliminary cinearteriogram of the left 
coronary system, a dilating catheter (3.0 mm LPS) (USCI) 
carrying an 0.014-inch steerable guidewire with an exag- 
gerated distal curve was advanced through the guiding 
catheter. With some initial manipulation and “deep 
throating” of the guiding catheter, the guidewire passed 
into the first septal perforator. The dilating catheter was 
then passed into the septal perforator with relative ease 
and the balloon was adequately positioned (Fig. 2, B). Two 
serial inflations of 60 seconds were made at 8 bars. The 
patient had mild chest tightness during the inflations. The 
initial gradient across the lesion was 16 mm Hg; it was now 
reduced to 10 mm Hg. The stenosis was reduced from 70% 
to 10% (Fig. 2, C). Similarly, the lesions in the intermedi- 
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PrePTCA 


Position of guide 
wire and balloon 


Post PTCA 





Fig. 2. A, Stenosis in the septal perforator (arrow). B, 
Position of guidewire and balloon in the septal artery 
(arrow). C, Septal artery after percutaneous transluminal 
coronary angioplasty (arrow). 


ate branch as well as the circumflex obtuse marginal 
branch were dilated. In both of these vessels, two infla- 
tions of 60 seconds at 8 bars were made. The patient had 
no discomfort during these inflations. Both lesions were 
reduced from 60% to 30%. The patient tolerated the 
entire procedure very well. He was then transferred to the 
intensive care unit for further observation. Serial ECGs 
and cardiac enzymes remained unremarkable. He was 
discharged 3 days later on calcium antagonists, transder- 
mal nitroglycerine (patch) aspirin with codeine, and dipy- 
ridamole. A telephone interview at 3 months confirmed 
that he remained asymptomatic. 

The interventricular septum constitutes about one 
third of the total LV mass and plays an important role in 
both right ventricular and LV function.’ It is supplied by 
large septal branches of the anterior and posterior 
descending arteries. These arteries enter the heart at right 
angles to the epicardial surface and course through the 
septum, lying parallel to the endocardium. Thus they are 
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different from the epicardial arteries and hence are not 
easily approached surgically. The anterior septal arteries 
usually supply the upper two thirds of the interventricular 
septum in the anterobasal and anterolateral segments, 
and the whole septum in the apical segment. The remain- 
ing lower third of the septum (diaphragmatic and basal 
segments) is supplied by the septal arteries coming from 
the posterior descending artery. Sometimes the first per- 
forator may be well developed and approach in size the 
diameter of a diagonal artery; sometimes it is even larger. 
The first perforator also irrigates the branches of the 
bundle of His, and in half the hearts also contributes to 
the blood supply of the atrioventricular (AV) node.” In 
such cases, an infarction of the septum may not only 
compromise LV function and disrupt conduction tissue, 
but it also increases the chance of a dreadful complication 
such as ventricular septal rupture. Thus it becomes even 
more important to salvage this wall of the heart, whenever 
possible. Although medical management has been the 
mainstay of treatment in such cases, no clear revasculari- 
zation approach has yet been developed. Very few isolated 
reports have been published*” that show the possibility of 
placing aortocoronary bypass grafts to the septal perfora- 
tor proximally. Both described patients had poor LV 
function and were poor surgical candidates, even if the 
coronary anatomy had been suitable for bypass. In the 
presence of ongoing ischemia, they remained potentially 
at a very high risk for reinfarction, which in the presence 
of such poor LV function, could have been fatal. In both 
patients the stenosis in the septal perforator was consid- 
ered to be responsible for continuing angina after anterior 
wall myocardial infarction. Follow-up interviews indicated 
that the symptoms were improved following successful 
PTCA of this vessel. 

From a technical standpoint, the septal perforator is 
easily accessible with a steerable guidewire and provides 
no difficulty in dilatation. These two patients serve as a 
good example that PTCA is an excellent alternative to 
coronary bypass surgery for selected patients who have 
significant stenosis involving large septal perforators. To 
our knowledge, only one patient has been reported" in 
whom a similar dilatation of a large septal perforator was 
done. The long-term results of dilatation of the septal 
perforator are yet to be evaluated. The septal arteries are 
subjected to higher extraneous pressure, in which respect 
they differ from the epicardial arteries. What effect this 
would have on the subsequent rate of restenosis remains 
to be evaluated. 
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Visualization of an anomalous left main 
coronary artery with two-dimensional 
echocardiography 


Jonathan F. Plehn, M.D., Neal Ruggie, M.D., 
Philip R. Liebson, M.D., and Joseph V. Messer, M.D. 
Chicago, Ill., and Boston, Mass. 


Anomalous origin of the left main coronary artery 
(LMCA) is a rare congenital abnormality that may have 
significant clinical implications, including myocardial 
ischemia, infarction, and sudden death.'* While coronary 
angiography originally provided the only means of detect- 
ing this condition, improvements in two-dimensional 
echocardiographic technology have made possible the 
noninvasive visualization of coronary ostial malposition- 
ing. We report the first case, to our knowledge, of the 
echocardiographic visualization of an aberrant LMCA 
arising from the right sinus of Valsalva. 

A 65-year-old white man was admitted for cardiac 
catheterization after complaining of left shoulder pain at 
rest following a high lateral myocardial infarction. The 
patient had experienced a 2-year history of effort angina 
prior to the infarction. His coronary risk factors included 
an 80 pack-year cigarette history and borderline diabetes. 
The patient was placed on nifedipine, 10 mg three times a 
day, after the infarction but the shoulder pain persisted. 
Physical examination revealed normal first and second 
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Fig. 1. The coronary angiogram (right anterior oblique view) depicts the left main coronary artery 
(LMCA) arising from the right sinus of Valsalva (double arrows) and traversing the pulmonary 
infundibulum to the anterior interventricular groove (rightward arrow), where it bifurcates (leftward 


arrow). LAD = left anterior descending artery. 


heart sounds with a non-displaced apical impulse. There 
was no evidence of a third or fourth heart sound or 
murmurs. Chest film revealed a normal cardiac contour 
with clear lung fields. An ECG demonstrated normal sinus 
rhythm, an axis of +60 degrees, symmetric T wave inver- 
sion in leads I and aV,, and nonspecific ST segment 
depression in the inferior leads. 

Coronary angiography demonstrated an aberrant take- 
off of the LMCA from the right sinus and its subsequent 
anterolateral course toward the anterior interventricular 
groove (Fig. 1). There was no evidence of intrinsic coro- 
nary disease or external compression of this vessel. The 
vessel was observed to run anterior to the pulmonary 
artery catheter. There was a 75% occlusion of the proxi- 
mal right coronary artery. Two-dimensional echocardio- 
graphy was performed and the sinuses of Valsalva were 
imaged from the left parasternal, short-axis view. The 
right coronary artery was visualized at its usual point of 
origin at the 11 o’clock position, but the LMCA was 
observed to emanate from the right sinus of Valsalva at a 
point just anterior to the commissural level of the right 
and left aortic cusps (Fig. 2, A and B). Delineation of the 
bifurcation point of the LMCA confirmed the anomalous 
location of this artery and distinguished it from artifactual 
ultrasonic drop-out. 

Although there has been allusion in the past to the 
relatively benign nature of displacement of the LMCA to 
the right sinus of Valsalva, more recent literature has 
documented the lethal potential of this anomaly in young 
patients.'* Myocardial ischemia, infarction, and even sud- 
den death have been reported in cases where the artery 
reached the anterior interventricular groove by traversing 
between the aorta and the right ventricular infundibulum. 


The presence of myocardial ischemia has been confirmed 
in patients with this anomaly, but with otherwise normal 
coronary anatomy, by detection of myocardial lactate 
production with artificial pacing.? Sudden death associ- 
ated with anomalous LMCA usually occurs during exer- 
cise and probably results from myocardial ischemia. 
Cheitlin et al.! have suggested that close adherence of the 
proximal coronary vessel to the aortic wall may result in 
formation of an acute angle at the ostial origin, producing 
a “flap” that may occlude with aortic expansion. 

In the present case, it is unlikely that the congenital 
abnormality was responsible for the patient’s angina or 
prior myocardial infarction. The artery reached the inter- 
ventricular groove by swinging anterior to the pulmonary 
artery, thereby emanating from the sinus at a non-acute 
angle and avoiding potential extrinsic compression from 
the aorta. While this condition is a potential cause of 
angina in adults, Liberthson et al.’ have noted that this 
type of anomaly is less clinically significant in older 
patients. 

With improving resolution of echocardiographic equip- 
ment, frequent visualization of the proximal coronary 
arteries is possible and other forms of left coronary 
anomalies have been noninvasively documented.*’ A 
potential pitfall in determination of proximal coronary 
location is the frequent finding of ultrasonic drop-out in 
the lateral segments of the Valsalva sinuses due to their 
parallel relationship to the echo beam. Transducer angu- 
lation toward the left shoulder and hence toward the right 
ventricular outflow tract may improve left coronary reso- 
lution and permit more distal visualization of the artery 
and its bifurcation point. In this manner, identification of 
the structure as artery and not artifact can be confirmed. 
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Fig. 2, A and B. The two-dimensional, parasternal, short-axis view of the sinuses of Valsalva at the aorta 
valve level demonstrates the right (RCA) and left main (LM) coronary arteries originating from the right 
(R) or anterior sinus. The LM can be distinguished from other areas of ultrasonic drop-out by its 
bifurcation into left anterior descending and circumflex branches. L = left coronary sinus; N = noncoro- 


nary sinus; LA = left atrium. 


While coronary takeoff anomalies occur in only 0.6% of 
catheterizations,‘ their presence may be of serious clinical 
consequence, particularly in younger age groups. This 
report suggests that echocardiographic evaluation of prox- 
imal coronary anatomy may be useful in the detection of 
this relatively uncommon condition. 
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Fig. 1. Normal coronary anatomy. Two-dimensional echocardiographic still-frames, short-axis view, at 
the aortic valve level. a, The right coronary artery (rca) originates from the right sinus of Valsalva and 
travels in the sulcus between the right atrium and ventricle. The left coronary artery (lca) originates from 
the left sinus of Valsalva (ao = aorta). b, The left main (Im) coronary artery gives rise to the left anterior 
descending artery (lad). c, The bifurcation and diverging courses of the lad and left circumflex (lc) arteries 
are shown (la = left atrium). 





Fig. 2. Anomalous right coronary artery, patient No. 1. Two-dimensional echocardiography still-frames, 
short-axis view, aortic valve level. a, The right coronary artery (rca) curves anterior to and extends to the 
right of the aortic root (ao = aorta; /a = left atrium). b, The right coronary artery (rca) curves between the 
pulmonary artery and aorta. C, The orifices of the right (r) and left (l) coronary arteries are noted in the 
left sinus of Valsalva. d, Composite diagram of a, b, and c (ra = right atrium). e, Coronary angiogram 
showing right coronary artery (small arrows) originating in the left sinus of Valsalva and coursing in a 
slit-like pattern between the pulmonary artery and aorta. The contrast also partially fills the left coronary 


system (larger arrows). 


Origin of the right coronary artery from the left sinus of 
Valsalva is an unusual anomaly, with an estimated preva- 
lence of 0.1% to 0.5% at cardiac catheterization.'2 
Although often an incidental finding,’ this anomaly gains 
clinical importance when it leads to interpretation errors 
during coronary angiography, or directly relates to coro- 
nary ischemia.'* We present five patients who demon- 
strate these clinical points as well as illustrate the identi- 
fication of this anomaly during two-dimensional echocar- 
diography study. 

Patient No. 1. This 64-year-old woman underwent 
treadmill stress testing for evaluation of class 2 angina 
with atypical features. She had no significant risk factors. 
Within the first stage of a modified Bruce protocol (heart 
rate 100 bpm), she reported extreme weakness. A 20 mm 
Hg systolic blood pressure drop was recorded and she was 
noted to be cool and clammy. The ST segments were 
depressed 2 mm in leads V, and V,. These changes 
normalized promptly with rest. Physical examination at 


rest revealed a blood pressure of 105/70 mm Hg, a pulse of 
64 bpm, and was otherwise unremarkable. The ECG at 
rest was normal. Cardiac catheterization showed that the 
right coronary artery originated from the left sinus of 
Valsalva. The coronary vasculature was otherwise normal. 
Angiographic and echocardiographic findings of this 
patient as well as an echocardiogram of a normal coronary 
system are illustrated in Figs. 1 and 2. Because of this 
patient’s hypotensive response to exercise, coronary artery 
bypass surgery was recommended. 

Patient No. 2. A 43-year-old man was admitted with an 
increasing number of episodes of typical anginal pectoris. 
His risk factors were hypertension and smoking. He had 
suffered a myocardial infarction 10 years earlier. Cathe- 
terization at that time reported absence of the right 
coronary artery, with a normal left coronary system. 
Physical examination revealed a blood pressure of 130/70 
mm Hg, a pulse of 65 bpm, and a fourth heart sound. The 
ECG showed nonspecific ST-T wave abnormalities infero- 
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Fig. 3. Anomalous right coronary artery, patient No. 2. Two-dimensional echocardiography still-frames, 
short-axis view, at the aortic root level. a, The right coronary artery (rca) courses anterior to and beyond 
the right margin of the aorta (ao = aorta, la = left atrium). Small arrow identifies origin of the left 
coronary artery. b, The right coronary artery courses in a narrowed pattern between the aorta and 
pulmonary artery (small arrows). The left coronary artery (Ica) bifurcates at the larger arrow. c, The 
origins of the right (r) and left (l) coronary arteries arising from the left sinus of Valsalva are 
demonstrated. d, Coronary angiogram showing the right coronary artery (small arrows) originating from 
the left sinus of Valsalva. An 80% stenosis is present at the large arrow. Middle-size arrows show the 
course of the left coronary artery. 





Fig. 4. Anomalous right coronary artery, patient No. 3. Two-dimensional echocardiography still-frames, 
short-axis view, at the aortic valve level. a, The right coronary artery (rca) courses anterior to and beyond 
the right margin of the aorta (ao). b, The right coronary artery courses between the pulmonary artery and 
aorta to enter the sinus of Valsalva. The more posterior origin of the left coronary artery (Ica) is shown 
(la = left atrium). c, Coronary angiogram showing the rca to originate from the left sinus of Valsalva (small 
arrows). The large arrow points to a faintly opacified left system. d and e, Left ventriculogram in diastole 
and systole, respectively, demonstrating inferior wall hypokinesis (at arrows). 
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laterally. At cardiac catheterization, the right coronary 
artery originated from the left sinus of Valsalva and was 
diffusely diseased with an 80% mid-vessel stenosis. There 
was a 70% stenosis of the mid-left anterior descending 


artery. Angiographic and echocardiographic findings are 
illustrated in Fig. 3. Successful coronary artery bypass 
surgery was performed, in which the anomalous origin of 
the right coronary artery was confirmed. 
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Patient No. 3. This 63-year-old black man with a 5-year 
history of chronic stable angina was admitted with unsta- 
ble antina including angina at rest. Risk factors included a 
strong family history for angina and hypertension. Physi- 
cal examination revealed a blood pressure of 130/80 mm 
Hg, a pulse of 88 bpm, and a fourth heart sound. The ECG 
showed an intra-atrial conduction delay, and left ventric- 
ular hypertrophy with associated ST-T abnormalities. 
Anomalous origin of the right coronary artery from the left 
sinus of Valsalva was the only abnormality on coronary 
angiography. However, a significant area of inferior wall 
hypokinesis, mild mitral regurgitation, and a reduced 
ejection fraction at 41% were demonstrated on left ven- 
triculography. Angiographic and echocardiographic find- 
ings are illustrated in Fig. 4. Because of the significant 
symptoms and wall motion abnormality at rest, the 
patient underwent coronary artery bypass surgery. 

Patients No. 4 and 5. Anomalous origins of the right 
coronary artery from the left sinus of Valsalva were 
demonstrated by both echocardiogram and coronary angi- 
ography in two additional patients. The fourth patient 
was a 66-year-old man with unstable angina, previous 
myocardial infarction, and a permanent pacemaker. In 
addition to the anomalous right coronary artery, he had 
significant occlusive triple-vessel disease and was referred 
for bypass surgery. The fifth patient was a 42-year-old 
man who had atypical chest pain. He had significant 
stenosis of the posterior descending branch of the anoma- 
lous right coronary artery and was treated medically. 
These five patients clustered over 6 months and 223 total 
catheterizations for an annual prevelance 10 times the 
usual at 2.2%. 

In the first patient, ischemia with potentially life- 
threatening consequences was evident. The second patient 
illustrates a probable error in angiographic interpretation 
wherein absence, rather than anomalous origin, of the 
right coronary artery had been reported 10 years earlier 
(occlusion and recanalization to this degree is a less likely 
alternative). The third patient had a resting abnormality 
of left ventricular wall motion without evidence of prior 
myocardial infarction, implying active resting ischemia as 
a consequence of the aberrant right coronary artery. The 
fourth and fifth patients had significant coronary artery 
disease in addition to the anomalous right coronary artery. 
In all five cases there was the characteristic “compressed” 
appearance of the right coronary artery as it originated 
from its ostia and coursed between the aorta and pulmo- 
nary artery. 

Echocardiography has been used to visualize normal 
and stenosed left main coronary arteries and the anoma- 
lous origin of the right coronary artery from the pulmo- 
nary artery. In all five of our patients, the anomalous 
origin of the right coronary artery from the left sinus of 
Valsalva could be visualized with echocardiography. 
Three findings were characteristic: (1) absence of the right 
ostia in the right sinus; (2) a tubular echo-free area 
anterior to the aorta and coursing beyond the aorta to the 
right; and (3) identification of two ostia in the left sinus. 
Multiple non-standard high cross-sectional views were 
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necessary to complete each echocardiographic examina- 
tion. No more than one of the above characteristics was 
evident in 20 prospectively studied “control” patients. 
Therefore, echocardiography may be useful in the identi- 
fication of the anomalous origin of the right coronary 
artery from the left sinus of Valsalva in the evaluation of 
patients with ischemic heart symptoms. 
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Extracardiac causes of paradoxical motion 
of the left ventricular wall 


Ivan A. D’Cruz, M.D., F.R.C.P., and 
Daniel Kleinman, M.D. Augusta, Ga. 


Much has been published about paradoxical motion of the 
interventricular septum, but very little attention has been 
paid to paradoxical motion of the left ventricular wall 
(LVW). For the purpose of this brief report, we consider 
paradoxical motion of the posterior LVW to be present if 
some part of it occupies a more anterior position in 
diastole than it does in systole on the M-mode tracing and 
on the two-dimensional (2D) echocardiogram. The known 
causes of paradoxical LVW motion comprise (1) large 
nonloculated pericardial effusions with abnormal cardiac 
mobility’; (2) posterior LVW infarction? *; and (3) mitral 
valve prolapse.*° We demonstrate instances of paradoxi- 
cal motion of the LVW in certain other conditions: tense 
ascites and large loculated posterior pericardial effusion 
causing cardiac tamponade. 

Ascites. Ascites can present as a sonolucent space 
“posterior” to the left ventricle on M-mode or 2D echocar- 
diography.* In a strict anatomic sense, the ascitic space is 
of course more inferior than posterior to the heart. We 
have noted abnormal LVW motion in a patient with tense 
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Fig. 1. Top, 2D echocardiogram in the apical long-axis view of a patient with a tense ascites secondary to 
hepatic cirrhosis. Arrowheads indicate the plane of the diaphragm—the acoustic interface between the left 
ventricle and the ascitic space. During systole (left) the left ventricular posterior wall appears straight, but 
in diastole (right) it is concave toward the ascites, and the left ventricular chamber appears narrower. 
LV = left ventricle; RV = right ventricle; AR = aortic root; LA = left atrium; LIV = liver. Bottom, 
M-mode echocardiogram, the beam passing obliquely through the LV and ascites (ASC) in the 2D view 
shown above. The left ventricular posterior wall (LVPW) is more anterior in diastole (large upward arrow) 


than in systole (small downward arrow). 


ascites. A 51-year-old chronic alcoholic man with hepatic 
cirrhosis was admitted for severe hematemesis and me- 
lena. He continued to run a low-grade fever, and echocar- 
diography was done to rule out valvular vegetations. 
There was no evidence of heart disease on past history, 
physical examination, and serial ECGs. On the M-mode 
echocardiogram (Fig. 1, bottom panel) the posterior LVW 
is more posterior in systole than in diastole. This paradox- 
ical LVW motion was also evident on the 2D echocardio- 
gram (Fig. 1, top panel), the posterior LVW seeming to 
“bounce” or recoil off the diaphragm (the upper boundary 
of the tense ascites) when viewed in real-time. 
Loculated posterior pericardial effusion. Large locu- 
lated posterior pericardial effusions sometimes occur fol- 
lowing cardiac surgery and may even cause tamponade. In 
such circumstances, we have observed that abnormal 
motion of the posteroinferior LVW may occasionally be 
observed, such that the LVW is more anterior in diastole 
(especially early diastole) than it is in systole. A 64- 


year-old man had been on warfarin sodium therapy 
because of pulmonary embolism following coronary 
bypass surgery. On 2D echocardiography, a large posterior 
loculated pericardial effusion was visualized that com- 
pressed the left ventricle. The posteroinferior and poste- 
rolateral LVW were seen to be concave in the direction of 
the pericardial effusion and were anteriorly displaced in 
diastole, but less so in systole (Fig. 2). Clinical and 
hemodynamic features of tamponade were present and 
regressed promptly when the effusion was drained surgi- 
cally. 

A similar case was recently described by Steele and 
Perez.’ Their patient developed tamponade due to a large 
loculated posterolateral pericardial effusion 15 days after 
surgery for replacement of aortic and mitral valves. Para- 
doxical LVW motion was noted, with concave contour of 
the LVW toward the loculated effusion in diastole, very 
similar to our case. Reviewing previously published 
reports of loculated posterior pericardial effusions causing 
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APICAL LONG AXIS 


Fig. 2. 2D echocardiogram, in the apical long-axis view, of a patient with a large loculated posterior 
pericardial effusion. The three frames are serial ones from the same cardiac cycle. In mid-diastole (right) 
the left ventricle appears compressed with its posteroinferior wall concave toward the loculated posterior 
effusion, more so than in systole (center). The left ventricular posteroinferior wall is thus more anterior in 
diastole than in systole. PER = pericardium; EFF = effusion; LV = left ventricle; RV = right ventricle. 


tamponade, we encountered one M-mode illustration that 
depicted paradoxical posterior LVW motion; the paradox- 
ical motion was, however, not commented upon by those 
investigators.® 

Abnormal LVW motion in patients with tense ascites 
and with tense loculated posterior pericardial effusion 
have certain features in common. In both, the abnormal 
anterior displacement of the LVW in diastole is attribut- 
able to elastic recoil or “bounce” of a tense fluid-filled 
serosal sac, which is presumably a reaction to transient 
systolic deformation of the tense sac by ventricular con- 
traction. Abnormal LVW motion is not due to abnormal 
intrinsic contraction or motion of cardiac structures, 
unlike the paradoxical LVW motion of posterior LVW 
infarction or of mitral valve prolapse. 

Abnormal motion of the ventricles in large circumcar- 
diac pericardial effusions has been well known to echocar- 
diographers since it was first described by Feigenbaum et 
al.! in 1966. Typically, on M-mode echocardiography, the 
“swinging heart” appearance is evident; the posterior 
LVW moves posteriorly in systole and then anteriorly in 
diastole. Posterior systolic mitral valve displacement in 
these circumstances is sometimes referred to as mitral 
“pseudoprolapse.” In infarction of the posterior LVW, it 
is the rule for the latter structure to appear hypokinetic or 
akinetic on M-mode or 2D echocardiography. Paradoxical 
LVW motion on the M-mode tracing is rarely observed.? A 
survey of numerous textbooks of echocardiography and of 
several papers on LVW motion in ischemic heart disease 
revealed many illustrations of paradoxical septal motion 
and of hypokinetic or akinetic posterior LVW motion, but 
not of paradoxical posterior LVW motion, with two 
exceptions.” * Doi et al.‘ described a late systolic “dip” in 
posterior LVW systolic motion in patients with mitral 
prolapse, and suggested that it might be due to direct 
mural compression by posterior mitral chordae tendi- 
neae. 

In summary, paradoxical motion of the posterior LVW 
is an echocardiographic finding that has hitherto received 
relatively little attention. There is sometimes a tendency 
to equate this echocardiographic abnormality with the 
angiocardiographic finding of LVW dyskinesis. It would 


not be quite correct to do so, because in addition to true 
LVW dyskinesis of ischemic origin, paradoxical LVW 
motion could be seen in association with large loculated 
posterior pericardial effusions, and tense ascites. 
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Diastolic collapse of the left and right 
ventricles in cardiac tamponade 


Steven A. Conrad, M.D., Ph.D., and 
Timothy J. Byrnes, M.D. Shreveport, La. 


Collapse of the right ventricular free wall is a sensitive and 
specific echocardiographic sign of cardiac tamponade. The 
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Fig. 1. Two-dimensional echocardiogram performed through a parasternal window, demonstrating a 
pericardial effusion and diastolic collapse of the left ventricle (arrow). Ao = aorta; LA = left atrium; 


LV = left ventricle; RV = right ventricle. 





Fig. 2. Two-dimensional echocardiogram performed through an apical window, demonstrating diastolic 
collapse of the right ventricle (arrow). LV = left ventricle; RV = right ventricle. 


mechanism of collapse is felt to be an increase of pericar- 
dial pressure in excess of right ventricular diastolic pres- 
sure early in diastole. We report diastolic collapse of the 
left as well as the right ventricles in a patient with cardiac 
tamponade from malignant pericardial effusion. 

An 86-year-old man was admitted for worsening dys- 
pnea on exertion and peripheral edema. An unresectable 
large cell undifferentiated carcinoma of the lung was 
diagnosed 4 months previously, at which time he under- 
went external beam radiotherapy to the right hilar region 
with shielding of the cardiac structures. He had a 120 


pack-year smoking history and moderate obstruction on 
spirometry. On admission he was alert, with a blood 
pressure of 130/80 mm Hg, pulsus paradoxus of 12 mm 
Hg, and pulse of 104. The central venous pressure was 
estimated at 15 cm H,O. The lungs had diminished breath 
sounds, mild expiratory wheezes, and a pleural rub at the 
right anterior mid chest. The heart sounds were soft, and 
no extra sounds or rubs were heard. A chest radiograph 
revealed a markedly enlarged cardiac silhouette as com- 
pared with a previous film 4 months earlier. Two-dimen- 
sional echocardiography revealed a large circumferential 
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Hemodynamic Prior to After Prior to After 
parameter pericardiocentesis pericardiocentesis surgical drainage surgical drainage 
RAP (mm Hg) 20 16 18 6 
RVEDP (mm Hg) 19 =s — — 
PAP (mm Hg) 22/26 50/18 45/20 49/10 
PCWP (mm Hg) 20 10 19 10 
Mean BP (mm Hg) 87 91 87 98 
CO (L/min) 3.96 4.02 2.94 5.49 





BP = blood pressure; CO = cardiac output; PAP = pulmonary artery pressure; PCWP = pulmonary capillary wedge pressure; RAP = right atrial pressure; 


RVEDP = right ventricular end-diastolic pressure. 


pericardial effusion with normal chamber sizes and good 
systolic function. No intrapericardial masses were noted. 
The right and left ventricles had approximately equal wall 
thicknesses of 13 mm. Diastolic collapse of both left (Fig. 
1) and right (Fig. 2) ventricles was noted. The aortic, 
mitral, and tricuspid valves were normal in appearance. 
An ECG revealed sinus tachycardia, low limb lead voltage, 
and electrical alternans. 

The patient underwent right heart catheterization that 
revealed the right atrial pressure (RAP) to be 20 mm Hg, 
right ventricular pressure (RVEDP) to be 19 mm Hg, a 
pulmonary artery (PA) pressure of 33/26 mm Hg, and a 
pulmonary capillary wedge pressure (PCWP) of 20 mm 
Hg. The systemic blood pressure was 120/70 mm Hg, with 
a mean of 85, and the cardiac output was 3.96 L/min. A 
needle pericardiocentesis was attempted, but only 100 ml 
of bloody fluid was able to be removed. After the attempt, 
some improvement in pressures was noted, but the cardiac 
output remained essentially unchanged (Table I). A 
repeat echocardiogram revealed no significant change in 
the pericardial effusion. The patient developed signs of 
recurrent tamponade within several hours. He underwent 
emergency pericardial drainage by a limited surgical 
procedure, with removal of 1100 ml of bloody fluid. After 
this drainage, his blood pressure rose to 155/80 mm Hg 
with a mean of 98, and his cardiac output increased to 5.49 
L/min. RAP decreased from 18 mm Hg to 6 mm Hg, PA 
pressure rose to 49/10 mm Hg, and PCWP decreased from 
19 to 10 mm Hg. Repeat echocardiography revealed 
minimal pericardial effusion. 

Echocardiography is well-established as a diagnostic 
procedure for detecting pericardial effusion.! Although 
several echocardiographic signs have been suggested as 
useful in assessing cardiac tamponade, diastolic collapse 
of the right ventricle (RVDC) has been found to have a 
high sensitivity and specificity for cardiac tamponade.” ° 
Right atrial collapse, which occurs earlier in the course of 
hemodynamic deterioration, is as sensitive, but less specif- 
ic than RVDC.? The mechanism of chamber collapse is felt 
to be a transient reversal of transmural pressure. Early in 
the progression of tamponade, intrapericardial pressure 
exceeds right atrial pressure during part of atrial diastole, 
resulting in an invagination of the right atrial free wall. 
Later, as intrapericardial pressure increases and exceeds 
right ventricular pressure early in diastole, invagination of 


the right ventricular free wall is observed. This phenome- 
non has been studied in animal models, and is reproduc- 
ible at predictable levels of intrapericardial pressure and 
blood volume.** Diastolic collapse of the left ventricle in 
cardiac tamponade in the nonsurgical setting has not been 
previously reported, to our knowledge. Suggested reasons 
include a resistance to collapse conferred by an increased 
wall thickness, and preservation of left ventricular (LV) 
geometry due to an active component of ventricular 
diastole.” 

Diastolic collapse of the LV free wall has been reported® 
in an infant following cardiac surgery, in whom a medias- 
tinal hematoma caused cardiac tamponade. This situation 
is somewhat different than that of our report, in that the 
formation of a mediastinal clot may have exerted localized 
mechanical effects on the LV free wall, as RV collapse was 
not noted. Our patient had early diastolic collapse of both 
ventricles in the setting of cardiac tamponade. We believe 
our patient had pulmonary hypertension from chronic 
obstructive pulmonary disease, with right ventricular 
hypertrophy and reduced right ventricular function. The 
thick poorly compliant RV free wall assumed properties 
similar to that of the LV wall in being less distensible and 
less prone to collapse by high intrapericardial pressure. 
The resistance of the RV free wall to compression by high 
pericardial pressures permitted venous return to persist in 
the face of the high pericardial pressure. As pressures 
continued to rise, pericardial pressure became sufficient to 
cause collapse of the LV free wall. This clinical observa- 
tion also lends support to the experimental observation‘ 
that RVDC may not be a reliable sign of cardiac tampon- 
ade in the presence of RV hypertrophy. 
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Pacemaker syndrome due to retrograde 
conduction in a DDI pacemaker 


Thomas M. Cunningham, M.D. San Francisco, Calif. 


Pacemaker syndrome refers to the symptom complex of 
weakness, syncope, or palpitations associated with VVI 
(ventricular demand) pacing. Most commonly this occurs 
in the setting of intact ventriculoatrial (VA) conduction,! 
and it has been suggested that conversion to a dual- 
chamber pacing system should be curative.? DVI or DDD 
pacemakers have been applied for this purpose. The DDI 
mode has recently been introduced as a dual-chamber 
pacing technique that provides for atrioventricular (AV) 
synchrony, yet lacks the ability to track intrinsic atrial 
activity.* Primarily this would be useful for patients with 
chronotropic incompetence of the sinus node. Unlike DVI 
pacing, however, atrial pacing output is inhibited when 
spontaneous atrial signals exceed the demand rate, thus 
avoiding atrial competition and potential triggering of 
tachyarrhythmias. Additionally, pacemaker-mediated 
tachycardia (PMT), as reported with DDD pacemakers, 
cannot occur because the system does not synchronize 
ventricular pacing to retrograde p waves. Intact VA 
conduction, however, as illustrated by this case report, 
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may interfere with the desired functioning of the DDI 
unit, leading to loss of AV synchrony, in this case with 
recurrence of the pacemaker syndrome. 

A 73-year-old woman with sinus node dysfunction 
underwent upgrading of a previous VVI pacemaker to a 
dual-chamber system (Pacesetter AFP model 283) 
because of symptoms consistent with the pacemaker 
syndrome (episodic weakness and palpitations associated 
with pacing). Intraoperatively, VA conduction was not 
present. The unit was programmed DDI at a rate of 70 
bpm with an AV delay of 240 msec. The patient experi- 
enced an improved sense of well-being and had no further 
symptoms associated with pacing. Primarily atrial pacing 
was seen with conducted ventricular complexes. At rou- 
tine follow-up 9 months post implant, a noninvasive 
telemetered atrial electrogram obtained during temporary 
VVI pacing at rate 90 revealed 1:1 VA conduction at an 
interval of 200 msec. The post ventricular atrial refractory 
period (PVARP) was programmed to 325 msec. Three 
months later, the patient returned complaining of inter- 
mittent weakness and palpitations and was found to have, 
in association with these symptoms, ventricular pacing 
only, with apparent retrograde p waves on the surface 
ECG (Fig. 1). Analysis with “markers” confirmed retro- 
grade conduction (Fig. 2), the “V-P” interval slightly 
exceeding the PVARP of 325 msec. Following a premature 
ventricular contraction (PVC), a retrograde p wave was 
observed after 329 msec. With programming to the VVI 
mode, at rate 70 bpm, a telemetered atrial electrogram 
exhibited 1:1 VA conduction, now with an interval of 320 
to 330 msec (Fig. 3). After reprogramming the PVARP to 
400 msec, appropriate DDI functioning was restored, and 
the patient has remained asymptomatic. 

Pacemaker-mediated or endless loop tachycardia in a 
dual-chamber pacing system occurs only when the pace- 
maker is functioning in a mode that allows p wave 
synchrony and when retrograde atrial activation occurs 
beyond the programmed PVARP. In a DDI pacemaker, 
sensing of intrinsic atrial activity results in atrial channel 
inhibition but does not trigger a ventricular output pulse, 
and thus PMT is not seen. Since the DDI unit is capable of 
atrial sensing, retrograde p waves beyond the PVARP will 
reset the atrial timer and the next event, in the absence of 
spontaneous ventricular activity, will be ventricular pac- 





Fig. 1. Absence of atrial pacing with retrograde p waves following each ventricular paced complex, 
programmed to the DDI mode at rate 70 bpm, with a PVARP of 325 msec. 
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Fig. 2. Marker channel analysis showing VA conduction time of 327 to 329 msec, including after a 


PVC. 
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Fig. 3. Atrial electrogram obtained by telemetry during VVI pacing at rate 70 bpm, showing 1:1 VA 


conduction at an interval of 330 msec. 


ing at the end of the programmed V-V interval. Thus, 
until retrograde conduction fatigues or an external 
maneuver is performed (e.g., magnet application), “end- 
less” pacing activity exists that is identical to VVI func- 
tioning. As in this case, symptoms of the pacemaker 
syndrome may then be precipitated. Myopotential sensing 
in the atrial lead, or a PVC, may serve as the inciting 
event. 

With DDD pacemaker operation, PMT has become less 
frequent due to programmability of the PVARP.** Atten- 
tion to programming of the PVARP in DDI systems is 
likewise important. The case reported herein illustrates 
the variable nature of retrograde conduction through the 
AV node, with progression over time of VA block. If VA 
conduction assessed serially by noninvasive means is seen 
to be changing, appropriate reprogramming of the 
PVARP may prevent the situation of “endless” VVI-type 
operation and pacemaker syndrome. 
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The contribution of color Doppler flow 
imaging to the assessment of a left 
ventricular thrombus 
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Fig. 1. A, Initial apical four-chamber view showing laminated apical thrombus together with overlying 
protuberant echolucent thrombus (large arrowhead). B, Echocardiogram performed 6 days later showing 
the changed appearance with a larger area of central lucency and only a rim of thrombus present (small 
arrowhead). LA = left atrium; LV = left ventricle; RA = right atrium; RV = right ventricle; Th = throm- 


bus. 


Two-dimensional echocardiography is a sensitive and 
specific technique for the detection of left ventricular 
thrombi.' It is, however, important to be able to conclu- 
sively distinguish thrombi from other intracardiac struc- 
tures or artifact. Color Doppler flow imaging was used 
advantageously in a patient with a left ventricular throm- 
bus, allowing delineation of its margins. 

A 66-year-old man with previous myocardial infarctions 
and heart failure was admitted to the hospital with a new 
inferior myocardial infarction. Two days after admission, 
a two-dimensional echocardiographic study demonstrated 
a protuberant thrombus overlying another laminated 


thrombus in the akinetic left ventricular apex. The larger 
protuberant thrombus measured 2.0 by 1.5 cm and dem- 
onstrated a central area of lucency (Fig. 1, A). Anticoagu- 
lation was instituted with intravenous heparin and the 
partial thromboplastin time was maintained at twice 
normal. Repeat echocardiographic examination 6 days 
later revealed a striking morphologic change. A highly 
mobile thin echogenic structure was present, creating the 
impression of a band-like structure when viewed in any 
single apical view (Fig. 1, B). It was not entirely clear 
whether this echocardiographic finding represented a 
slack false chord or the leading edge of a largely echolu- 
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Fig. 2. A, Apical four-chamber view with color Doppler flow imaging at the same time as that in Fig. 1, B. 
Note the absence of color at the apex, distal to the band-like rim of the mainly echolucent thrombus 
(arrow). This illustrates the apical “filling defect.” B, Color study performed 5 days after A. The 
protuberant echolucent thrombus has disappeared and color flow extends to the border of the laminated 


thrombus in the LV apex. 


cent apical thrombus. With color Doppler flow imaging 
(Corometrics-Aloka 860, Wallingford, Conn.), a display of 
the spatial distribution of intraventricular flow was pro- 
vided, with flow toward the transducer depicted as the 
color red and flow away depicted as the color blue. Flow 
extended right up to but not beyond this band-like 
structure (Fig. 2, A). The absence of demonstrable flow 
beyond this structure implied a mechanical barrier to 
flow. Further confirmation that this unusual echocardio- 
graphic finding represented a thrombus was the demon- 
stration by color Doppler flow imaging of normal apical 


flow 5 days later, implying disappearance of the protuber- 
ant thrombus (Fig. 2, B). 

In this patient, serial studies allowed an appreciation of 
the changing morphology of the apical structure, permit- 
ting its correct identification as a thrombus. However, the 
peculiar band-like structure seen on the second study 
(Fig. 1, B) could easily have been confused with an 
anomalous chord. An echogenic linear band crossing the 
apical region does not necessarily imply a chordal struc- 
ture, but may represent the echogenic interphase between 
the left ventricular (LV) cavity blood and lucent apical 
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thrombus. Color Doppler flow imaging clearly demon- 
strated flow in the body of the LV chamber and absent 
flow distal to the echogenic linear band in a variety of 
transducer planes. The “filling defect” readily apparent 
on the color flow map provided clear-cut evidence of an 
intracardiac space-occupying mass. In contrast, in 
patients with anomalous chordal structures in the LV 
apex, flow patterns are recorded at the apex. 

Color Doppler flow imaging has been shown to be useful 
in a variety of clinical settings,>* but the technique has 
pitfalls and limitations. Care must be exercised to obtain 
the proper color gain setting.’ A sufficiently low flow filter 
should be used, especially when interrogating the relative- 
ly low blood flow velocity near the LV apex. In addition, 
wall motion reverberation, or the so-called “ghost arti- 
fact,” may be difficult to differentiate from true blood 
flow at the apex, especially when LV wall motion is normal 
or hyperkinetic.’ Finally, both color Doppler flow imaging 
and conventional pulsed Doppler may fail to detect blood 
flow near the apex in some patients with markedly 
depressed LV function despite proper gain and filter 
settings. Whether this represents actual absence of flow or 
the presence of weak flow signals below the instrument’s 
threshold for detection, cannot be determined with cer- 
tainty. However, this phenomenon is seen as gradual 
trailing off of the flow signal toward the apex and not as an 
abrupt demarcation of the flow map, as was demonstrated 
in our patient. 

Thus, when an unusual echogenic band-like structure is 
visualized in the apical region, color Doppler flow imaging 
may be useful in differentiating echolucent thrombi 
(where apical flow is absent) from anomalous chordae 
(where flow is present). The addition of color Doppler flow 
imaging to conventional two-dimensional echocardiog- 
raphy in our patient was helpful in differentiating a large 
echolucent thrombus from an anomalous chordal struc- 
ture. 
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Right atrial angiosarcoma diagnosed by 
cardiac biopsy 


Kyo Adachi, M.D., Hiroyuki Tanaka, M.D., 
Hironori Toshima, M.D., and 
Minoru Morimatsu, M.D. Kurume, Japan 


Recent developments in invasive and noninvasive tech- 
niques of cardiac study have made it possible to diagnose 
cardiac tumors during life!:*; however, these techniques do 
not distinguish between mural thrombi and benign or 
malignant tumors. Therefore, histologic examination is 
necessary to confirm a diagnosis of malignancy. In this 
article, we report the use of cardiac biopsy to diagnose a 
very rare cardiac tumor, primary angiosarcoma of the 
right atrium. 

A 36-year-old woman had been well until December, 
1984, when she developed facial edema, dyspnea, orthop- 
nea, abdominal fullness, congestive heart failure, cardio- 
megaly, and hepatomegaly. Results of two-dimensional 
echocardiography (Fig. 1) showed a large mass, which 
originated on the right side of the atrial septum and 
extended into the right ventricle, and a large pericardial 
effusion. Pericardiocentesis yielded 560 ml of hemorrhagic 
fluid, which contained 7.3 gm/dl of protein and was 
cytologically negative for malignant cells. Angiographic 
examination of the heart (Fig. 2) and the coronary arteries 
(Fig. 3) and a computed tomographic scan of the chest 
with the use of plain and contrast-enhanced scan 
sequences showed a large tumor in the right atrium. This 
tumor was outlined by a patch of neovascularity supplied 
from both the right and left coronary arteries. Biopsy of 
the tumor was performed with a transvenous catheter 
bioptome (Cordis biopsy forceps) introduced percutane- 
ously through a long-sheath system. The tumor was 
localized angiographically by injecting a small amount of 
contrast medium at the time of biopsy. This method was 
successful because the tumor was large and well localized. 
It was not necessary to use echocardiography for this 
purpose. A total of four biopsy samples of the tumor were 
obtained and immediately processed for light and electron 
microscopic examination. These samples were reddish and 
very soft and were clearly different from the usual endo- 
myocardial biopsy samples. Light microscopic study (Fig. 
4) showed the tissue to be composed of many minute, 
immature blood vessels that contained erythrocytes and 
were lined by coarse and pleomorphic endothelial cells. 
These cells were spindle-shaped, had oval nuclei with 
dense chromatin, and were located within a reticulin 
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APICAL FOUR-CHAMBER VIEW 






Effusion 





Effusion 


Fig. 1. Two-dimensional echocardiogram. Apical four-chamber view (top) shows tumor extending into 
right ventricle (RV). Subxiphoid view (bottom) shows large tumor mass in right atrium (RA). LV, Left 
ventricle; LA, left atrium; VCI, inferior vena cava. 
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Fig. 2. Angiocardiographic examination of heart (left, anterior view; right, anterior oblique view) shows 


filling defect in right atrium. 


framework. Mitotic figures were scattered throughout. 
Electron microscopic study (Fig. 5) showed anastomosing 
vascular channels that were lined by one or more layers of 
spindle cells having characteristics of endothelial cells. 
The luminal cell surfaces showed many short processes 
resembling microvilli. Many vacuoles and pinocytotic 
vesicles and small numbers of microtubules and cytoplas- 


mic filaments were usually present. Small gap junctions 
were noted between the spindle cells at points of cellular 
contact. The tumor was diagnosed histopathologically as 
an angiosarcoma. The tumor began to prolapse into the 
tricuspid valve and surgical removal was attempted on 
April 9, 1985. At the time of surgery, the tumor was found 
to originate from the atrial septum and to occupy the 
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Fig. 3. Coronary angiograms. Nutrient vessels of tumor 
are supplied from both right and left coronary arteries. 
Tumor has extensive neovascularity. Top left, Left coro- 
nary artery observed from right anterior oblique view. 
Bottom left, Same artery observed from left anterior 
oblique view. Right, Right coronary artery, as observed 
from right anterior oblique (top) and left anterior oblique 
(bottom) views. 
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Fig. 4. Photomicrograph of biopsied tumor specimen 
shows coarse and pleomorphic endothelial cells with 
hyperchromatic nuclei and mitotic figures. (Hematoxylin 
& eosin stain; scale = 10 microns.) 





Fig. 5. Electron micrograph of tumor. Vascular channels are lined by neoplastic endothelial cells 


connected by junctions. (Scale = 1 micron.) 
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junction between the right atrium and the ventricle. The 
tumor had no stalk and completely obstructed the tricus- 
pid valve, and invaded the ventricular septum and the 
pericardial surface. Most of the tumor was resected. 
Postoperatively, the patient received radiotherapy and 
chemotherapy. However, she became cachectic and died 
on June 7, 1985. Remnants of the tumor, with metastases 
to the pericardium, cerebrum, cerebellum, and both ova- 
ries, were seen at autopsy. 

The most common variety of malignant cardiac tumors 
is angiosarcoma, which constitutes 7.3% to 13% of such 
tumors** and is most commonly localized in the right 
atrium. A cardiac biopsy was performed in our patient 
because of the urgent need to confirm the diagnosis of 
right atrial tumor and because cytologic examination of 
the pericardial effusion gave negative results. This biopsy 
yielded a histopathologic diagnosis of angiosarcoma of the 
right atrium. Results of ultrastructural study showed 
angiogenetic features in this tumor, as described by Yang 
et al.° We have not been able to find previous reports on 
the diagnosis of cardiac tumors by cardiac biopsy. The 
prognosis of cardiac angiosarcoma is very poor.® If the 
diagnosis is made by biopsy early in the course of the 
disease, the most appropriate treatment can be selected 
and administered as soon as possible. 
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Giant cell myocarditis: An autoimmune 
disease? 


Philippe Humbert, M.D., Rene Faivre, M.D., 
Dominique Fellman, M.D., Jean P. Bassand, M.D., 
and Jean L. Dupond, M.D. Besançon, France 


Giant cell myocarditis (GCM) is a rare disease. Approxi- 
mately 60 cases have been reported since it was character- 
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ized by Tesluk,! in 1956. The cause of GCM is unknown, 
although its association with different autoimmune condi- 
tions suggests an organ-specific autoimmune cause. 
Indeed, there have been previous reports in the literature 
of GCM occurring with some autoimmune diseases, such 
as thymoma, myasthenia gravis, systemic lupus erythema- 
tosus, dermatomyositis, Sjögren’s syndrome, thyroïd dis- 
ease, and pernicious anemia. 

A 25-year-old white man with no previous history of 
illness was first examined, in 1974, for lower intestinal 
bleeding. Results of rectal examination and endoscopic 
mucosal biopsies from the colon showed typical ulcerative 
colitis. The histologic features were described as acute and 
diffuse inflammation with severe crypt distortion and 
goblet cell depletion. The patient was lost to follow-up for 
5 years. In 1980, he was seen with polyuria and polydipsia, 
fatigue, and extreme weight loss connected with insulin- 
dependent diabetes mellitus. Evaluation for anti-islet 
antibodies was not performed. Three years later, the 
patient was admitted to the hospital with a 2-day history 
of heart failure. Temperature was 37° C. Heart rate was 
regular at 130 bpm. Blood pressure was 130/80 mm Hg. 
Third heart sound and bibasilar rales were present. ECG 
showed complete right bundle branch block with a mean 
axis of —80 degrees. Myocardial infarction profile showed 
no abnormality. Results of repeated tests for mycoplasma, 
toxoplasma, salmonella, chlamydia, and rickettsia were 
negative, as were serologic reactions for antistreptolysins 
O and K, antistaphylolysin, and coxsackie A and B 
viruses. Laboratory results at the time of admission were: 
glucose, 315 mg/dl; creatinine, 1.10 mg/dl; sodium, 140 
mEq/L; potassium, 5.4 mEq/L; chloride, 104 mEq/L; 
hemoglobin, 15 gm/dl; hematocrit, 40%, red blood cell 
count, 5.35 X 10°/mm*; white blood cell count, 8300/mm'; 
and platelet count 350,000/mm* with 70% neutrophils, 
23% lymphocytes, 2% monocytes, and 3% eosinophils. 
Quantitative immunoglobulins (Ig) gave the following 
values: IgG, 2.4 gm/dl; IgA, 0.21 gm/dl; and IgM, 0.10 
gm/dl. Results of liver function tests were normal. Tests 
for circulating autoantibodies to muscle cells were per- 
formed by means of the indirect immunofluorescence 
method on rat skeletal muscle and myocardium cryostate 
sections. Myofibrils of both muscle types were stained 
with serum diluted up to 1/800 (skeletal muscle) and 
1/1600 (myocardium). Fluorescent antinuclear antibody 
and rheumatoid factor were nonreactive. 

The clinical outcome was death. In spite of oral and 
intravenous therapy (dobutamine, sodium nitroprussiate) 
and circulatory assistance with an intraaortic balloon, 
cardiogenic shock contributing to death occurred 3 days 
after admission. An autopsy was performed. The heart 
weighed 300 gm and was soft and flaccid. The pericardium 
was normal and the left ventricle was enlarged. Minimal 
atheromatous deposits were seen in the coronary artery, 
there were no endocardial lesions in the left ventricle, and 
the myocardium showed red spots and grey streaks. 
Microscopic examination showed a significant inflamma- 
tory infiltrate composed of lymphocytes, plasma cells, 
histiocytes, numerous eosinophils, and oblong giant cells 
(Fig. 1). They contained several nuclei in peripheral or 
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Fig. 1. Microscopic section showing necrotic myocardium with infiltration by inflammatory cells and 
giant cells. (Hematoxylin and eosin stain; original magnification X400.) 





Fig. 2. Electron micrograph of giant cell myocardial fibers showing dense granules and degenerating 


myocardial fibers (<10,000). 


central disposition. The surrounding muscle cells were 
necrotic and brightly eosinophilic with loss of cross stria- 
tions. Immunohistochemical study showed labeling of 
myofibrils with an immune antiserum anti-IgG and anti- 
C,q. Electron microscopic study showed dense granules in 
the giant cells and degenerating myocardial fibers (Fig. 
2). 

Circumscribed areas of myocardial necrosis associated 
with an inflammatory granuloma, including lymphocytes, 
plasma cells, eosinophils, and numerous multinucleated 
giant cells, have been described as typical of GCM.’ Until 
the causes of GCM and ulcerative colitis are formally 


established, diagnosis must be based on histologic criteria. 
Nevertheless, ulcerative colitis can be considered an auto- 
immune condition.’ Indeed, its dysimmune origin is likely 
in view of the great incidence of associated autoimmune 
processes‘ and the previously described anticolon anti- 
bodies.® Similarly, various autoimmune diseases have con- 
curred with insulin-dependent diabetes mellitus (type 1).® 
Autoimmune conditions have been associated with GCM 
and often precede the myocardial manifestations by many 
years.’ McKeon et al.® recently reported fatal GCM in a 
patient with ulcerative colitis. To our knowledge, no 
previous case of GCM has been reported with both 
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ulcerative colitis and insulin-dependent diabetes mellitus. 
The associated widespread autoimmune disease in our 
patients suggests an organ-specific autoimmune cause for 
the condition. Such a view is supported by the presence of 
both immunoglobulins in the myocardium by means of 
immunofluorescence techniques and circulating specific 
antimyofibrils antibodies, although the presence of anti- 
heart antibodies would not necessarily establish an auto- 
immune cause for the condition.° 

Inasmuch as autoimmune mechanisms may be active in 
both ulcerative colitis and type 1 diabetes mellitus, we 
speculate that similar pathogenetic mechanisms may also 
be responsible for this association. Thus, we believe that 
GCM can be regarded as an organ-specific manifestation 
of generalized disturbance in immunity, as previously 
suggested by Wilson et al.!° 
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Cushing’s syndrome presenting as sudden 
death 


Brooke D. Scott, M.D., and Karen J. Friday, M.D. 
Oklahoma City, Okla. 


Hypercorticolism associated with Cushing’s syndrome is 
well known to cause multiple clinical and biochemical 


From the Department of Medicine, University of Oklahoma Health 
Sciences Center. 

Reprint requests: Brooke D. Scott, M.D., Department of Internal Medi- 
cine, 4 SP-120, University of Oklahoma, College of Medicine, P. O. Box 
26901, Oklahoma City, OK 73190. 


Brief Communications 487 


derangements. We report a patient resuscitated from 
three episodes of ventricular fibrillation that was due to 
profound hypokalemia caused by an adrenocorticotropic 
hormone (ACTH)-producing oat cell carcinoma of the 
lung. 

A 63-year-old white woman collapsed at home and was 
found to be in ventricular fibrillation by the paramedics. 
Direct current cardioversion restored sinus rhythm. Two 
subsequent episodes of ventricular fibrillation in the 
hospital were successfully terminated with direct current 
cardioversion. Electrolytes on admission included sodium, 
155 mEd/L, potassium, 2.2 mEq/L, HCO,, 36 mEq/L, and 
magnesium, 1.9 mg/dl. The patient’s history was signifi- 
cant for weakness, fatigue, a weight loss of 20 pounds, and 
multiple episodes of syncope during the preceding 2 
months. None of the syncopal episodes were associated 
with a prodrome or postictal state. She was taking no 
long-term medications. An extensive smoking history was 
her only risk factors for intrinsic cardiac disease. Physical 
examination revealed a middle-aged white woman with 
full facies, mild hirsutism, and a clouded sensorium. There 


was dullness to percussion in the left lower hemithorax | 


with egophony and coarse rales in the left lower lung field. 
Cardiac examination was normal, and 1+ pedal edema was 
present bilaterally. 

The ECG on admission demonstrated a sinus rhythm 
with a rate of 60/min, normal axis, and PR, QRS, and QT 
intervals with prominent U waves, which gave the appear- 
ance of a prolonged QT interval. Rhythm strips (Fig. 1) 
demonstrated frequent ventricular extrasystoles, often in 
a pattern of bigeminy, and nonsustained runs of ventricu- 
lar tachycardia. An echocardiogram demonstrated no ana- 
tomic abnormality. A chest x-ray film disclosed a left 
infrahilar mass. Further evaluation included a markedly 
elevated ACTH level and a very high early morning 
cortisol level (105 yug/dl) which was not suppressible. 
Computerized tomography of the chest revealed a 5 by 5 
cm left hilar mass. A subsequent endobronchial biopsy of 
the mass was diagnostic for oat cell carcinoma. Spironolac- 
tone, ketoconazole, and more than 200 mEq of potassium 
supplements per day were required to manage the hypo- 
kalemia. The tumor was treated with methotrexate, vin- 
cristine, and cyclophosphamide. Hypokalemia and the 
associated ventricular arrhythmias resolved with treat- 
ment of the malignancy. Outpatient chemotherapy was 
instituted, and over the ensuing 9 months there was no 
recurrence of arrhythmia or electrolyte abnormality. 

Sudden death in this patient was precipitated by her 
profound hypokalemia. Although the clinical and bio- 
chemical features of Cushing’s disease are virtually identi- 
cal to that of the ectopic corticotropin syndrome, hypokal- 
emia is felt to be characteristic of the latter disorder. 
Findling and Tyrrell' found hypokalemia present in 60% 
of patients with the occult ectopic ACTH syndrome. In 
contrast, Boggan et al.? reported that only 8 of 100 
patients with Cushing’s disease (pituitary-dependent 
hypercorticolism) had hypokalemia. The cause of the 
hypokalemia and associated metabolic alkalosis is thought 
to arise from enhanced mineralocorticoid production from 
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Fig. 1. Ventricular arrhythmias related to hypokalemia. Pause-related enhanced U waves with abnormal 
T-U complexes (arrows), bigeminy, polymorphic ventricular tachycardia, and ventricular fibrillation 
suggesting torsade de pointes. These arrhythmias abated as the potassium level was restored to 


normal. 


the ectopically produced ACTH. The ectopic disorcder is 
generally associated with ACTH secretion, high cortisol 
levels, bilateral adrenal hypertrophy, hypertension, and 
hyperglycemia, all of which were noted in this patient. 
General physical findings are identical to those of Cush- 
ing’s disease. 

Prominent U waves are common in hypokalemia,’ and 
sustained ventricular arrhythmias may be associated with 
QTU prolongation (torsade de pointes).*° In this patient 
prominent U waves, QTU prolongation, and nonsustained 
ventricular tachycardia occurred at low levels of potassi- 
um, as did sustained ventricular tachycardia consistent 
with torsade de pointes. Hypokalemia in Cushing’s syn- 
drome associated with an ectopic corticotropin-producing 
tumor may be so profound as to induce lethal ventricular 
arrhythmias and may be difficult to correct unless the 
tumor is also treated. 
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Rheologic genesis of aortic coarctation in a 


canine model 


Thomas J. Langdon, M.D., Lawrence E. Boerboom, Ph.D., Gordon N. Olinger, M.D., 
E. Rene Rodriguez, M.D.,* and Victor J. Ferrans, M.D., Ph.D.* Milwaukee, Wisc., 


and Bethesda, Md. 


Classically, coarctation of the aorta presents as a 
shelf-like or diaphragmatic narrowing in a juxtaduc- 
tal location. This can be an isolated finding or can be 
associated with aortic isthmus narrowing as well as 
with other cardiac anomalies. The etiology of coarc- 
tation of the aorta remains unsettled, with past 
discussions incriminating either abnormal behavior 
of ductal tissue! or hemodynamic influences.” In the 
former, referred to as the Skodaic theory,’ ductal 
tissue extending into the aorta is believed to be 
responsible for the focal narrowing. This tissue, 
whether ectopic’ or a normal anatomic variant, 
would undergo contraction and fibrous change, 
causing a pathologic narrowing.' Rudolph et al.’ 
have suggested that the cause of coarctation is not 
aberrant behavior of ductal tissue but abnormal 
blood flow. These investigators describe the reorien- 
tation of ductus flow from the normal pattern, 
whereby blood flows directly down the descending 
aorta by virtue of the acute angle formed between 
the ductus and the descending aorta, to an axis that 
is directly perpendicular to the posterior aortic wall.” 
According to the hemodynamic theory for the 
pathogenesis of coarctation, the turbulence created 
by this perpendicular entrance of flow results in a 
remodeling of the aorta and creates a posterior shelf 
and subsequent coarctation. Recently, we made 
several observations® in our canine model of coarcta- 
tion that lend credence to the hemodynamic theo- 


ry. 
Coarctation (Fig. 1, A) is created in our model by 

placing a braided Dacron ligature around the aorta 

distal to the ductus arteriosus in 4- to 7-day-old 
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puppies. The ligature is tightened until it produces 
slight but noticeable indentation of the aorta. 
Clamps are not applied to the aorta in this proce- 
dure. In those animals in which it was evaluated, the 
ductus appeared to be closed at the time of aortic 
banding. With subsequent growth and development, 
coarctation develops in association with proximal 
hypertension and significant collateral circulation in 
the chest wall. In three animals, at 18 months of age, 
we noted that a second or de novo coarctation (Fig. 
1, B) had developed distal to the surgically induced 
narrowing. There were several characteristics com- 
mon to these three animals and their second coarc- 
tations. First, the distal coarctation consisted of a 
diaphragmatic structure with a central opening 
(Figs. 1, B and 2) and was located 1 cm distal to the 
surgically created coarctation. Second, this dia- 
phragm was consistently located immediately proxi- 
mal to the first distal collateral intercostal artery 
(Fig. 2). The flow through this artery, as evaluated 
with electromagnetic flow probe, was in a reverse 
direction because of the proximal narrowing of the 
aortic lumen. Notably, in these animals this artery 
entered the aorta perpendicularly. Third, each aorta 
demonstrated an adventitial notch directly opposite 
the entrance of the intercostal artery. The location 
of this notch also corresponded to the site of the de 
novo diaphragm membrane (Fig. 1, B). This adven- 
titial notching is similar to that observed dorsally 
opposite the entrance of the ductus in clinical 
coarctation of the aorta. 

The aortic wall adjacent to its junction with the 
membrane appeared normal, with smooth muscle 
cells and elastic lamellae present, but with no evi- 
dence of scarring (Fig. 1, C and D). Absence of scar 
tissue makes it unlikely that the morphogenesis of 
the membrane is related to some injury to the aorta 
caused at the time the proximal site was surgically 
banded. 

Morphologically, the de novo coarctations were 
continuous with the media and intima of the aortic 
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Fig. 1. A, Segment of the aorta banded at birth. The outer diameter of the aortic wall measures 10 mm. 
Notice the central well-delimited luminal narrowing that measures approximately 1 mm. (Original 
magnification X5.) B, Segment of aorta distal to the surgical coarctation site. The lumen is nearly occluded 
by a diaphragm-like membrane that has a narrow opening (less than 1 mm in diameter). Notice the glossy 
appearance given to the membrane by its endothelial covering. Adventitial notching is evident at the site 
of the membrane. (Original magnification X5.) C, Light microscopic section of the aortic wall immediately 
distal to the site of the diaphragm-like membrane. Notice the presence of some elastic lamellae and 
smooth muscle cells in the media. The intima is normal and is not involved in any degenerative process. 
(Hematoxylin and eosin; original magnification X1200.) D, Fluorescence micrograph of the area shown in 
C reveals the uniform, parallel arrangement of the elastic lamellae that are autofluorescent when 
illuminated with ultraviolet light. (Original magnification <1200.) 





Fig. 2. View of aorta from distal side of the aortic 
membrane. Notice the location of the membrane (m) 
immediately proximal to the intercostal artery (i) through 
which a probe has been passed into the aorta. (Original 
magnification X5.) 


wall. At the junction of these diaphragm-like mem- 
branes and the aortic wall, the cellularity was scanty 
(Fig. 3, A and B). Cells present were well organized 
layers of smooth muscle that alternated with elastic 
lamellae (Fig. 3, C and D). Brom! has described a 
“cytolytic zone” of sparse cellularity as being typical 
of ductal tissue. However, in our animals this tissue 
bore no spatial relationship to the ductus. Both 
surfaces of the diaphragm-like membrane were com- 
pletely lined with endothelial cells. 

Based on these observations, we support the 
proposition that coarctation of the aorta is created 
by the effects of abnormal flow in the developing 
aorta. Normally, the ductus arteriosus blood flow 
enters the aorta in line with the cephalad-to-caudad 
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Fig. 3. Light micrograph of the site of junction of the diaphragm-like membrane with the aortic wall. The 
cellularity in this region is scanty. Notice the amorphous ground substance and the absence of elastic 
lamellae. In the central portion of the micrograph there are several small artifactual defects. (Hematoxylin 
and eosin; original magnification 1200.) B, This fluorescence micrograph of the same area as in A shows 
small elastic lamellae in the periphery of the central area of ground substance. (Original magnification 
1200.) C, Light micrograph of the diaphragm-like membrane close to its central lumen. Notice the 
presence of smooth muscle cells and elastic lamellae in the middle portion of the tissue as well as the 
presence of endothelial cells covering the luminal surfaces of the membrane. The loose connective tissue 
matrix on the right lower portion of the figure represents an area similar to that shown in A and B. It is 
close to the site of attachment of the membrane into the aortic wall. (Hematoxylin and eosin; original 
magnification X1200.) D, Fluorescence micrograph of the area shown in C. This image clearly demon- 


strates the presence of elastic fibers arranged in parallel lamellae in the diaphragm-like membrane. 


stream.’ According to the flow theory, the pathogen- 
esis of coarctation is based on a change in alignment 
of the ductus such that its flow is directed dorsally 
and perpendicular to the aorta. In the developing 
aorta, this perpendicular flow stimulates dorsal 
adventitial infolding along with an intraluminal 
shelf, and thus creates the shelf-like coarctation. 
Hutchins’ has suggested that this is analogous to the 
development of a normal aortic branch point. The 
dorsal infolding and luminal shelf hence comprise a 
stenotic aortic lesion. Progressive circumferential 
stenosis ensues by persistent internal proliferation 
at this site because of decreased lateral pressure at 
the stenosis (Bernoulli principle).* 

The spontaneous “flow-mediated” coarctation 
that we discovered quite by chance in mature dogs 


that had undergone surgical creation of a more 
proximal coarctation may in puppies have devel- 
oped by an analogous pathogenetic process. Since 
the aorta was not clamped at the banding operation, 
injury cannot be invoked to explain its genesis. We 
have no explanation other than rheologic influences 
for its occurrence and particularly for the very 
organized nature of its histologic characteristics. 
Nevertheless, the phenomenon would appear to be 
governed by poorly understood anatomic and 
hydraulic factors. These may include the relative 
distance from the area of banding to the major distal 
intercostal, the size of the intercostal itself, and the 
amount of runoff in this particular source of collat- 
eral flow to the distal aorta. 

If the genesis of the secondary coarctation in our 
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model is attributed to hydraulic phenomena brought 
about by the primary coarctation, one is prompted 
to ask why a similar secondary membrane has never 
been described in humans with congenital coarcta- 
tion. An explanation for this may be that the 
hydraulics at the site of takeoff of the intercostal 
artery differ between our model and human coarcta- 
tion. This is a distinct possibility, since our primary 
band is nearer the intercostal artery than is the 
usual site of coarctation found clinically. It may be, 
therefore, that the hydraulics at the intercostal 
artery in our model bears similarity to the hydrau- 
lics at the ductus arteriosus in humans but not at the 
intercostal artery in humans. 

This phenomenon has not been previously 
described in our model, although the model has been 
in use for more than a decade.* ° We observed such a 
de novo coarctation in only 3 of 14 dogs prepared for 
a current series of studies on coarctation physiology. 
A possible rationale to explain why the membrane 
developed in only three animals is that its formation 
may require a unique combination of the hydraulic 
and anatomic factors speculated upon earlier in this 
report. However, the true overall incidence of the 
phenomenon in this model is unknown, because the 
likelihood is that its existence would go undetected 
unless one was specifically searching for it. This 
situation arises because the banding confers upon 
the model the usual features of coarctation, includ- 
ing proximal hypertension and diminished distal 
pulse pressure," and the secondary coarctation gives 
rise to no overt symptoms or features that are in 
addition to those of the primary lesion. We first 
discovered the aortic membrane when searching for 
an explanation for the existence of a residual aortic 
pressure gradient in an animal that had undergone 
surgical excision of the primary coarctation but that 
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had no evidence of stenosis at the anastomotic site. 
That the membrane initially went unnoticed by us, 
even at coarctectomy, attests to the possibility that 
it may have occurred in other animals of this model 
but was not identified. 

Appealing and provocative thoughts emerge when 
reviewing the histopathologic features of this unusu- 
al membrane in the context of the flow theory for 
spontaneous development of coarctation clinically. 
We share our observations and speculations with 
others, offering them as stimuli to further evaluation 
of coarctation as one of nature’s experiments in 
developmental physiology. 
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Sucrose, coronary heart disease, diabetes, and 
obesity: Do hormones provide a link? 


John Yudkin, M.A., M.D., Ph.D., F.R.C.P. London, England 


Several studies comparing the incidence of heart 
disease in different groups have shown that the 
currently known risk factors cannot explain all the 
differences that have been found. For instance, the 
male-female differences are not accounted for. 
Thus, the search for additional risk factors or for 
new relationships among existing ones must con- 
tinue.! 

During the past 30 years or so, there has been a 
flood of publications reporting investigations into 
the possible role of dietary fat in the etiology of hu- 
man disease, notably coronary heart disease (CHD). 
During most of this period, few publications have 
presented evidence that sugar (sucrose) is an impor- 
tant dietary component in producing disease.'** 

The chief conditions in which sugar has been 
claimed to be involved are coronary heart disease, 
diabetes mellitus, dental caries, and obesity. There 
have also been suggestions, based largely on epide- 
miology evidence, that sugar may play a part in the 
etiology of several other conditions, including gall- 
stones, kidney stones, Crohn’s disease, cancer of the 
breast, and gout. A brief assessment of these latter 
suggestions has recently been published.‘ 

The evidence that sugar is an important cause of 
dental caries is now so persuasive as to have con- 
vinced almost all well-informed observers.’ There- 
fore it is unnecessary to repeat this evidence here. In 
this article I summarize the evidence that sugar is a 
cause of obesity, coronary heart disease, and diabe- 
tes mellitus. There is no doubt that each of these 
conditions has multiple causes; my purpose is to 
present reasons why sugar should be accepted as one 
of these causes. 


OBESITY 


Much discussion and experiment have been based 
on the assumption that a claim for the role of sugar 
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in producing obesity is a claim that it stimulates 
lipogenesis or produces changes in metabolic effi- 
ciency. However, this is not what is claimed. No one 
really doubts that within the limits of modern 
methods of assay, a calorie is a calorie from whatever 
source. The mechanism by which sugar may produce 
obesity is gustatory and not biochemical. 

People consume particular foods and drinks not 
only when they are hungry or thirsty but simply 
because they find them attractive; very often this is 
because of the presence of sugar. The sugar is added 
to encourage the consumption of these items for 
their taste and texture and not to satisfy physiologic 
needs for the calories and fluids. It is this property 
of sugar in improving the attractiveness of foods and 
drinks that is the chief reason why average con- 
sumption has increased some 25-fold in the United 
Kingdom since it began to be imported from the 
Caribbean about 3 centuries ago. 

All foods have the potential to provide calories, 
but only foods that are consumed in fact do so. Thus 
it is irrelevant to compare the energy value of 100 gm 
of different foods and ignore the number of grams 
that are likely to be consumed. For example, it is 
frequently stated that sugar is less likely to cause 
obesity than is fat because sugar provides less than 
half the calories that are provided by the same 
quantity of fat. However, a person is much more 
likely to consume 100 gm of sugar in coffee and tea 
and sweetened soft drinks each day than to consume 
100 gm of fat, for example, by eating a quarter 
pound or so of butter. To imply that in practice a 
person faces such a choice is unrealistic. It is also 
wrong to say that changes in the amount of dietary 
carbohydrate can only occur with reciprocal changes 
in the amount of dietary fat.’ Indeed, a weight- 
reducing diet low in carbohydrate in which “unlim- 
ited” fat is allowed turns out to be one in which fat is 
automatically restricted.” Laboratory findings 
show that the simplest way to produce obesity in 
rats is to offer them a “supermarket diet.’® From 
this, they can choose from a range of manufactured 
foods, many of which contain sugar; it is now 
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Table I. Some common abnormalities seen in CHD and diabetes that can be produced by dietary sucrose 





Produced by 








Seen in CHD Seen in diabetes dietary sucrose Ref. No. 
Blood glucose t + + + ste 
Blood cholesterol t + + + 3 
Blood triglyceride t + F + 3 
Blood uric acid t + + + 35 
Blood insulin t + + + 3 
Blood corticosteroid t 35 + 36 
Blood estrogen t + + 37 
Arterial blood pressure t + + F 38 
High-density lipoprotein cholesterol } + + re 29 
(in NIDDM) 
Glucose tolerance { + + + 17 
Insulin sensitivity } + qr d 39 
Platelet adhesiveness t + + + 3 
Platelet aggregation t + + + 18 
Abnormal platelet behavior in electrophoresis $ + 19 
Collagen + + 40 
Urinary N-acetylglucosaminidase t d $ 41 
Nephropathy + + 42 
Retinopathy + + 20 





believed that this is the major cause of the ensuing 
obesity.?° 

Several frequently quoted studies have claimed 
that persons who are obese eat less food, and specific- 
ally less sugar, than persons of normal weight." New 
research has demonstrated that this implausible 
claim cannot be substantiated." In earlier studies the 
assessment of food intake was based on dietary 
records kept by the subjects investigated or on their 
dietary recall. By using precise measurements of body 
metabolism, recent investigators have shown that 
energy use and hence energy intake, was significantly 
greater than the intake reported by the individuals 
themselves and was greater among overweight per- 
sons than among those of normal weight. 


CORONARY HEART DISEASE 


Epidemiology.The epidemiologic features of CHD 
that are most frequently discussed are that the 
prevalence of the disease in different countries is 
strongly related to their relative affluence and that 
the prevalence has increased rapidly with increasing 
affluence. One of the features of increasing affluence 
is a change in diet, and the feature most commented 
on is an increase in the proportion of fat in the diet, 
especially animal fat. 

There are, however, many other characteristics of 
the diet associated with affluence, including an 
increase in energy, animal protein, and sugar, a 
reduction in dietary fiber, and an increase in the 
proportion of manufactured foods and drinks along 
with the additives frequently used with them. More- 
over, affluence is associated with many nondietary 


changes such as the availability and use of electrici- 
ty, telephones, automobiles, television, and cigarette 
smoking. Indeed, in 1957 it was pointed out that the 
increase in CHD in the United Kingdom was well 
paralleled by the increase in the number of people 
with radios and televisions." 

This wide range of differences between popula- 
tions associated with the relative prevalence of CHD 
produces at best inconclusive evidence regarding the 
etiology of the disease. Nevertheless, epidemiologic 
studies with persons rather than with populations 
reveal that two striking features are associated with 
a propensity to develop CHD. First, there is a 
difference between men and women regarding the 
susceptibility to the disease; young women are much 
less likely than men to suffer from CHD, but this 
relative immunity rapidly decreases after meno- 
pause.’ The second characteristic of CHD is that it 
is frequently associated with other conditions, nota- 
bly with obesity and diabetes.’ 

Biochemical features of CHD. Most attention has 
been paid to the blood concentration of cholesterol. 
Indeed, much of what has been published implies 
that any factor producing an increase in the concen- 
tration of cholesterol could result in increased risk. 
However, since many other abnormalities occur in 
CHD that can be viewed as indicators of risk, it is 
difficult to sustain this view. It is especially unlikely 
that a high intake of cholesterol alone, even if 
sufficient to increase its concentration in the blood, 
could bring about the wide and varied range of 
abnormalities that accompany CHD (Table I). 

If we abandon the commonly held view that the 
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production of CHD is determined solely by an 
increase in the concentration of cholesterol, a more 
plausible mechanism can be postulated: that CHD is 
determined by an hormonal imbalance, possibly 
initiated by an increase in the secretion of insulin. 
Such a view is supported by several considerations. 
First, patients with CHD frequently have an abnor- 
mal blood concentration of four hormones—insulin, 
thyroid hormone, cortisol, and estrogen.’ Second, 
the very wide range and disparate nature of the 
abnormalities associated with CHD (Table I) are 
what one might expect to occur when there is an 
upset in the quantities of hormones that have 
versatile actions such as these four. On the other 
hand, it is difficult to imagine that all these abnor- 
malities arise solely from increased synthesis or 
diminished destruction or excretion of cholesterol. 
Third, the risk of CHD is known to be increased by 
cigarette smoking, obesity, and the presence of 
non-insulin-dependent diabetes mellitus (NIDDM). 
In all these situations, there is a raised blood 
concentration of insulin. It is also believed that 
physical activity reduces CHD risk, and this is known 
to reduce the blood concentration of insulin. 

These facts do not prove that a high concentration 
of insulin is the initiating cause of CHD; for exam- 
ple, its involvement may be caused by changes 
induced by a different hormone. However, they 
point to the possibility that insulin has some role in 
the etiology. 

Experimental evidence. In testing the hypothesis 
that dietary sucrose is a cause of CHD, it is clearly 
desirable to examine experimentally whether it 
produces not only an increase in cholesterol concen- 
tration but also some of the other features of CHD. 
In addition, it would be logical to base the composi- 
tion of the experimental diets on the change in the 
makeup of the carbohydrate moiety in the human 
diet over the period when the prevalence of CHD 
has shown a considerable increase.'° This change has 
consisted mainly of reduction in the proportion of 
starch and an increase in the proportion of sucrose; 
there has been little change in the total quantity of 
carbohydrate. A similar pattern is seen in comparing 
the diets of poorer countries where CHD is uncom- 
mon with those of affluent countries where the 
disease is common. 

Another prerequisite for experiments with dietary 
sucrose is that they should be carried out for at least 
10 or 14 days to distinguish between short-term 
effects and the effects of habitual intake. A single 
dose of sucrose produces no change in subsequent 
fasting insulin concentration," whereas 25% to 30% 
of volunteers, when given a diet high in sucrose that 
lasts for 14 days or more, are sucrose sensitive and 
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show an increase in fasting insulin concentration 
and changes in the behavior of the blood plate- 
lets. 18, 19 

Experiments with laboratory animals and human 
subjects that were carried out along the lines sug- 
gested, have shown that dietary sucrose can produce 
every abnormality listed as occurring in CHD (Table 
I). This range of effects provides the strongest 
evidence that sucrose can cause CHD. 


DIABETES MELLITUS 


Insulin-dependent diabetes (type 1 diabetes) usu- 
ally manifests in children, and its etiology has a large 
genetic component. To what extent the expression 
of this is triggered by environmental factors, and if 
so what these factors are, is not at all certain. Many 
persons believe that genetic predisposition also 
plays some part in producing what is sometimes 
called adult onset diabetes, which is also known as 
NIDDM (type 2 diabetes). However, here there is 
strong evidence that dietary sucrose can be an 
important causative factor. 

Dietary sugar can produce a large number of 
biochemical disturbances (Table I); several of these 
are found not only in diabetes, especially in 
NIDDM, but also in CHD. The most relevant of 
these changes are impaired glucose tolerance, insu- 
lin resistance of the tissues, hyperlipidemia, and an 
increase in blood concentration of insulin. In addi- 
tion, long-standing diabetes is characterized by the 
appearance of retinopathy and nephropathy. These 
can be produced by dietary sucrose in laboratory 
animals and are indistinguishable both histological- 
ly and biochemically from the abnormalities in the 
retina and kidney produced by experimental diabe- 
tes.”™?”! That dietary sucrose produces all these 
features of diabetes makes it difficult to dismiss the 
probability that sucrose is a factor in the etiology of 
the disease. 


REBUTTAL OF CRITICISM 


Criticism 1. Epidemiology. ‘‘Several countries have a 
high sugar consumption but a low prevalence of coro- 
nary disease.” Since there are several causes of CHD, 
both genetic and environmental, it cannot be 
expected that there would invariably be a quantita- 
tive relationship between any one cause and CHD 
prevalence. In particular, a relationship between 
prevalence of the disease and sugar consumption 
might be obscured by the fact that the intake of 
sugar differed considerably between persons in any 
given country. There are also exceptions to the 
relationship between prevalence of the disease and 
fat consumption in different countries; for example, 
in Western Europe, the United Kingdom has a high 
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incidence of deaths from coronary disease but a 
lower intake of fat and a lower proportion as animal 
fat than do Belgium, Denmark, France, Nether- 
lands, Sweden, or Switzerland.” 

There have also been studies with persons that 
compared sugar intake in people with or without 
manifest coronary disease. Two retrospective 
studies in which sugar intake was assessed in men 
immediately after their first heart attack reported 
that it was significantly higher in them then in 
control subjects.” Other studies have not con- 
firmed these findings, but this may be because of the 
choice of inappropriate control subjects.” 

Criticism 2. Diabetes. ‘‘Diabetes is genetically deter- 
mined, and this eliminates the need to search for dietary 
or other environmental factors.” Few people doubt 
that there is a genetic component in both insulin- 
dependent diabetes mellitus and NIDDM. However, 
this does not rule out the possibility, indeed with 
NIDDM the probability, that what is inherited is a 
susceptibility to the disease rather than the disease 
itself and that this susceptibility may be triggered 
by a change in the environment. 

This view is strongly supported by the elegant 
experiments with rats carried out by Cohen et al.” 
They fed a group of rats a diet containing sugar and 
found as expected that eventually they showed 
varying degrees of fasting hyperglycemia. By breed- 
ing from those with the smallest degree of hypergly- 
cemia or the greatest degree of hyperglycemia and 
by repeating the process for three or four genera- 
tions, Cohen et al. developed two strains of rats. The 
one strain showed no response to the inclusion of 
sugar in the diet; the other strain developed not only 
hyperglycemia but also glycosuria and in due course 
other signs of diabetes such as nephropathy and 
retinopathy. Thus the experiments demonstrated 
the selection of genetic sensitivity or insensitivity to 
dietary sucrose. 

Criticism 3. Excessive sugar in experiments. “‘The 
experiments in which sucrose produces abnormalities 
contain unrealistically high proportions of sucrose.” 
One critic writes that sugar does not produce abnor- 
malities in human experiments when the amounts of 
sucrose”... are of the same order of magnitude as 
the average sugar intake in the American popula- 
tion.”” Underlying this statement, which is typical 
of many such criticisms, is the assumption that 
current consumption is moderate and harmless. 

Only within the past 300 years or so has sugar 
become readily available and for most of that time 
readily available only in rapidly industrialized coun- 
tries. In 1700, the average sugar consumption in 
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Britain was some 2 kg a year, or 5 or 6 gm a day; 
today in Britain, the United States, and other 
affluent countries, the average is some 40 kg, more 
than 100 gm a day.‘ For many observers, this 
increase of 20- to 25-fold raises doubts about wheth- 
er “moderate” is still an appropriate description of 
modern sugar consumption. 

One very strong critic of the suggestion that 
dietary sugar may be harmful considers that even 
levels of intake well above these average figures, just 
as great as those used in some of the reported 
experiments, are not immoderate. Stare” has writ- 
ten, “The usual rate of sugar intake (in the U.S.) 
may therefore be between 10 and 30 per cent of total 
calories with an average of 15 to 20 per cent... and 
can probably be expanded somewhat without over- 
stepping the bounds of moderation.” 

However, not all of the experiments that have 
demonstrated the adverse effects of sugar have used 
quantities as high as those sometimes seen among 
the population at large. In a recent experiment in 
which volunteers consumed a high sugar diet provid- 
ing some 2750 calories, the sugar contributed 36% of 
the calories, very little above the range quoted 
earlier as not “overstepping the bounds of modera- 
tion.””? Even more persuasive are those experiments 
demonstrating that a quantity of sugar providing 
some 18% of the calories, which is indeed about the 
average U.S. level of consumption, produced signifi- 
cantly higher lipid and insulin concentrations in 
sucrose-sensitive persons than did a diet with 5% of 
its calories derived from sugar.” 

An important feature of sugar consumption in 
relation to these experiments is the very wide varia- 
tion within the population. A daily intake of 300 gm 
or more is not infrequent. My unpublished observa- 
tions show that it can range from 20 to 400 gm, with 
some 45% of subjects consuming more than the 
average. 

Criticism 4. Sucrose behaves like starch. “The body 
is unable to distinguish dietary sucrose from dietary 
starch, since they are both digested and absorbed as 
monosaccharides.” It has been said that the claim 
that sucrose is harmful implies that the body “can 
distinguish a glucose molecule obtained from starch 
from that obtained from simple sugars,” or “can 
distinguish a sucrose molecule obtained from fruit 
from that obtained from table sugar,” or a claim that 
“refined sugars may contain harmful substances.” 
As far as is known, no nutritionist has made any 
such suggestion. 

The essential premise of the claim that sucrose 
may cause disease is that its metabolic fate in the 
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body is significantly different from that of the other 
major carbohydrate in the diet in affluent countries, 
namely, starch. The digestion of starch releases only 
glucose for absorption; the digestion of sucrose 
releases both glucose and fructose. It has long been 
known that these two monosaccharides have differ- 
ent effects in the body.” In particular, several 
publications show that many of the metabolic 
effects of dietary glucose are the same as those of 
dietary starch, whereas the particular metabolic 
effects that sucrose produces are also produced by 
fructose.” 

The mistaken belief that the body reacts in the 
same way to starch and sucrose is responsible for the 
improper dietary advice that is now often given to 
diabetic persons. There has long been evidence that 
the severe restriction of dietary carbohydrate often 
recommended is unnecessary; many practitioners 
now accept this relaxation. However, the carbohy- 
drate referred to is starch; in view of the particular 
metabolic effects of sugar, there is no justification 
for relaxing the restriction on this carbohydrate. 

Criticism 5. Experiments do not confirm the harmful 
action of sucrose. ‘‘Administration of sucrose to an 
individual does not affect glucose tolerance or insulin 
response.” The experiments that have demonstrat- 
ed the changes induced by sucrose have been 
designed to discover the effects of the habitual 
intake of sugar. These experiments demonstrate 
that abnormalities are produced after 2 weeks where 
the quantities of sucrose are increased in an isocalor- 
ic diet.* The failure to demonstrate such abnormali- 
ties by a single dose of sucrose is irrelevant to 
understanding the effects of its continued use.* 
Similarly, the failure to demonstrate that a single 
dose of alcohol does not produce hepatic malfunc- 
tion is not relevant to understanding the effects of 
the continued use of alcohol. 


COMMENT 


The reluctance to accept the view that the con- 
sumption of sucrose can have undesirable effects, 
and indeed the expressed opposite to such a view, 
has resulted in far less research being devoted to this 
problem than has been devoted to the effects of 
other dietary items. That is why so many questions 
still require answers. How much sucrose can be 
consumed safely? Can other dietary components 
affect the action of sucrose? Is the risk of CHD from 
eating sugar particularly high in the approximately 
25% of men whose response to habitual dietary 
sucrose includes an increase in basal insulin concen- 
tration in the blood? If it is, is it possible to develop 
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a simple test that can be used routinely to detect 
such “sucrose-sensitive” persons? If sugar can be a 
cause of several diseases other than CHD, such as 
diabetes and gout, it there any way to detect and 
identify persons susceptible to one of these condi- 
tions? On the social and behavioral levels, if it 
becomes generally agreed that sucrose is potentially 
harmful, what steps should be taken to reduce 
sucrose consumption? 
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nitroglycerin transdermal 
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y y 10 mg/24 hours 

Nyeth-Ayerst* Precautions 

Deponit® Symptoms of hypotension, such as faintness, weakness, or dizziness, particularly orthostatic 


nitroglycerin transdermal delivery system) 
5 mg/24 hours, 10 mg/24 hours 


Jescription 

Jeponit® is a unique nitroglycerin-containing transdermal delivery system. A multilayered 
self-adhesive film, the system contains nitroglycerin in a matrix composed of lactose, plasticizer, 
nedical adhesive, polyisobutylene, and aluminized plastic for controlled release of the active agent 
hrough the skin into the systemic circulation. For the 24 hours during which the system is applied to 
he intact skin, its technology is intended to deliver an accurate dosage with no premature release of 
he nitroglycerin or undesired accumulation on the skin. Nitroglycerin (glyceryl trinitrate) is a 
vasodilator for the relief and prevention of anginal attacks. 

Deponit® is available in two strengths which release either 5 mg or 10 mg of nitroglycerin during a 
24-hour period. The 5 mg/24 hr system has a 16 cm2 releasing surface and contains 16 mg nitro- 
jlycerin. The 10 mg/24 hr system has a 32 cm2 releasing surface and contains 32 mg nitroglycerin. 
The Deponit® system is approximately 0.3 mm thick, insoluble in water, and, as illustrated below, 
consists of two main elements: 

1. A flexible, flesh-colored waterproof covering foil. 

2. A multilayered adhesive film that constitutes simultaneously the drug reservoir and the 
‘elease-control system. 


Covering foil 


Adhesive multilayered 
drug reservoir with the 
release-control system 






Ay 


The system is protected by an aluminum foil which has a patented S-shaped opening to facilitate its 
removal prior to use of the system. 

Clinical Pharmacology 

When the Deponit® system is applied to the skin, nitroglycerin is continuously released for 
absorption directly into the systemic circulation. Thus, active drug reaches the target organs (heart, 
extremities) before deactivation by the liver. Nitroglycerin is a smooth-muscle relaxant with vascular 
effects manifested predominantly by venous dilatation and pooling. The major beneficial effect of 
nitroglycerin in angina pectoris is a reduction in myocardial oxygen consumption, secondary to 
vascular smooth-muscle relaxation with resultant reduction in cardiac preload and afterload. In recent 
years there has been increasing recognition of a direct vasodilator effect of nitroglycerin on the 
coronary vessels. 

In a bioavailability study using healthy volunteers,' transdermal absorption of nitroglycerin from the 
Deponit® system achieved steady-state venous plasma levels and maintained these levels for 24 
hours. Detectable plasma levels were attained within 30 minutes after application of the system and 
were still detectable 30 minutes after removal of the system. 

The amount of nitroglycerin released (5 mg/24 hr or 10 mg/24 hr) represents the mean release rate 
of nitroglycerin from the system as determined from healthy volunteers, and hence, the amount 
potentially available through the skin. Absorption will vary among individuals. Precise definition of 
“therapeutic plasma level” is not known at this time. 


Indications and Usage 
This drug product has been conditionally approved by the FDA for the prevention and treatment of 
angina pectoris due to coronary artery disease. The conditional approval reflects a determination 

that the drug may be marketed while further investigation of its effectiveness is undertaken. A final 
evaluation of the effectiveness of the product will be announced by the FDA. 


Contraindications 

Nitroglycerin is contraindicated in patients known to be intolerant of organic nitrate drugs and in 
patients with marked anemia. 

Warnings 

In patients with acute myocardial infarction or congestive heart failure, nitroglycerin should be used 
under careful clinical and/or hemodynamic monitoring. 

In terminating treatment of patients with angina, both the dosage and frequency of application must 
be gradually reduced over a period of 4 to 6 weeks to prevent the sudden withdrawal reactions which 
are characteristic of vasodilators in the nitroglycerin class. 

Transdermal nitroglycerin systems should be removed before attempting defibrillation or cardiover- 
sion because of the potential for altered electrical conductivity which may enhance the possibility of 
arcing, a phenomenon associated with the use of defibrillators. 


© 1987, Wyeth-Ayerst Laboratories. 
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hypotension, may be due to overdosage. When these symptoms occur, the dosage should be 
reduced or use of the product discontinued. 

Deponit® is not intended for use in treatment of acute anginal attacks. For this purpose, occasional 
use of sublingual nitrates may be necessary. 

PREGNANCY 

Pregnancy Category C. Animal reproduction studies have not been conducted with nitroglycerin. It 
is not known whether nitroglycerin can cause fetal harm when administered to a pregnant woman or 
can affect reproduction capacity. Nitroglycerin should be given to a pregnant woman only if clearly 
needed. 

NURSING MOTHERS 

Itis not known whether nitroglycerin is excreted in human milk. Because many drugs are excreted 

in human milk, caution should be exercised when the preparation is administered to a nursing 
woman. 

Adverse Reactions 

Transient headache is the most common side effect, especially when higher doses of the drug are 
used. These headaches should be treated with mild analgesics while Deponit® therapy is continued. 
When such headaches are unresponsive to treatment, the dosage should be reduced or use of the 
Product discontinued. 

Adverse reactions reported less frequently include hypotension, increased heart rate, faintness, 
flushing, dizziness, nausea, vomiting, and dermatitis. Except for dermatitis these symptoms are 
attributable to the known pharmacologic effects of nitroglycerin, but may be symptoms of overdosage. 
When they persist, the Deponit® dose should be reduced or use of the product discontinued. 
Dosage and Administration 

Deponit® can be applied as a single system or as multiples, depending upon the clinical require- 
ments. Dosage should be titrated to achieve the optimal therapeutic effect by monitoring clinical 
response, side effects, heart rate, and the effect of therapy upon blood pressure. 

Deponit® should be removed from the single-unit package just prior to use. The protective aluminum 
precut S-shaped foil is removed according to the "Patient Instructions,” and the system is applied 
with a firm pressure on a convenient skin site, preferably on the chest, inner side of the upper arm, or 
shoulders. Deponit® should not be applied to the distal parts of extremities. 

Each system is designed to remain in place for 24 hours; however, the treatment site should be 
changed daily to minimize skin irritation and should be intact, clean, and dry. If necessary, hair may 
be removed by clipping. 

Therapy should be initiated with application of a single Deponit® system, delivering 5 mg every 24 
hours. Response in terms of satisfactory control of anginal symptoms without adverse effects should 
be evaluated to determine the optimal dose. Some patients may require adjustment of dosage to 
provide a better clinical response. This can be achieved by removing the system delivering 5 mg/24 
hours, and applying a larger system delivering 10 mg/24 hours or a multiple of either system, 
depending on the dose required to achieve the desired effect 

After 24 hours, the system should be removed and discarded. Because no adhesive residue remains 
on the skin, there is no need to use a solvent. 

Storage Conditions 

Store at room temperature not above 25 C (77 F). Do not refrigerate. 

Patient Instructions for Application 

A leaflet describing use of Deponit is provided with each package 

How Supplied 

Deponit®* (nitroglycerin transdermal delivery system), Wyeth-Ayerst®. is packaged in cartons 
containing unit doses of 30 flesh-colored systems on aluminum backings. 

See table below. 








Nitroglycerin Total drug System Carton 
released in vivo contenUsystem size size 
5 mq/24 hrs. 16mg 16 cm2 30 Systems 
(NDC 0008-4195-01) 
10 mg/24 hrs. 32 mg 32 cm2 30 Systems 
(NDC 0008-4196-01) 





Caution: Federal law prohibits dispensing without prescription. 
Reference 

1. Data on file: Wyeth-Ayerst Laboratories Inc.. Philadelphia, PA 19101 
US Pat. No. 4,524,095 and Patent Pending 

Manufactured for 

Wyeth-Ayerst Laboratories Inc., Philadelphia, PA 19101 

by Lohmann, Neuwied, West Germany Y q WYETH 
under license from Schwarz GmbH, West Germany AYERST 
CI 3489-1 Issued December 2, 1985 ™ 
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Deponit 
(nitroglycerin transdermal 
delivery system) siges, 

THROUGH THICK OR THIN 


¢ System-controlled, not skin-controlled 

e Minimal variations in absorption 

e No premature release of NTG 

e Designed for superior patient acceptance 
e Once-a-day dosing, 24-hour delivery 

e International record of success 


© 1987, Wyeth-Ayerst Laboratories. 


See important information on adjacent page. 





References: 1. Good WR: Transdermal drug delivery systems, in Drug Delivery 
Systems, Springfield, Oregon, Aster Publishing Corporation, 1985, pp 40-48. 

2. Keshary PR, Chien YW: Mechanism of transdermal controlled nitroglycerin 
administration: I1. Assessment of rate-controlling steps. Drug Development and 
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*“Gradient-charged ™™ refers to the differential concentration of free and bound 
NTG. which results in continuous transport and controlled release of free drug at 
the skin surface. 


*Effectiveness of this product has not been established pending final evaluation by 
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starter 


Start your hypertensive patients with 100 mg 
b.i.d. and titrate upward as,necessary* 


|.Réduces blood pressure in white and’black 
patients? 


| No significant effect on cardiac output, ? 
serum lipids,?* or renal blood flow® 


Lipid regulation is not an indication for TRANDATE. Contraindicated in 
bronchial asthma, overt cardiac failure, greater-than-first-degree heart 
block, cardiogenic shock, and Severe bradycardia. Postural hypoten- 
sion (2%) and rare instances of syncope have occurred 

*See DOSAGE AND ADMINISTRATION section of Brief Summary of 
Product Information on next page 


See next page for references and Brief Summary of Product Information 
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(RANDATE? Tablets BRIEF SUMMARY 
labetalol hydrochloride) 

The following is a brief summary only. Before prescribing, see complete prescribing information in 
(RANDATE” Tablets product labeling. 


ONTRAINDICATIONS: TRANDATE? Tablets are contraindicated in bronchial asthma, overt cardiac 
ailure, greater-than-first-degree heart block, cardiogenic shock, and severe bradycardia (see WARN- 
NGS) 


WARNINGS: Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory 
unction in congestive heart failure. Beta-blockade carries a potential hazard of further depressing 
hyocardial contractility and precipitating more severe failure. Although beta-blockers should be 
\voided in overt congestive heart failure, if necessary, labetalol HCI can be used with caution in 
latients with a history of heart failure who are well compensated. Congestive heart failure has been 
ibserved in patients receiving labetalol HCI. Labetalo! HCI does not abolish the inotropic action of 
ligitalis on heart muscle. 

n Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, contin- 
led depression of the myocardium with beta-blocking agents over a period of time can, in some 
ases, lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients 

hould be fully digitalized and/or be given a diuretic, and the response should be observed closely. If 
ardiac failure continues despite adequate digitalization and diuretic, TRANDATE® therapy should be 
‘ithdrawn (gradually, if possible). 

xacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Angina pectoris has not been 
sported upon labetalol HCI discontinuation. However, hypersensitivity to catecholamines has been 
bserved in patients withdrawn from beta-blocker therapy; exacerbation of angina and, in some 
ases, myocardial infarction have occurred after abrupt discontinuation of such therapy. When dis- 
ontinuing chronically administered TRANDATE, particularly in patients with ischemic heart disease, 
1e dosage should be gradually reduced over a period of one to two weeks and the patient should be 
arefully monitored. If angina markedly worsens or acute coronary insufficiency develops, TRANDATE 
dministration should be reinstituted promptly, at least temporarily, and other measures appropriate 
dr the management of unstable angina should be taken. Patients should be warned against interrup- 
on or discontinuation of therapy without the physician's advice. Because coronary artery disease is 
ommon and may be unrecognized, it may be prudent not to discontinue TRANDATE therapy abruptly 
ven in patients treated only for hypertension. 

lonallergic Bronchospasm (eg, Chronic Bronchitis and Emphysema): Patients with bronchospastic 
isease should, in general, not receive beta-blockers. TRANDATE may be used with caution, 
owever, in patients who do not respond to, or cannot tolerate, other antihypertensive agents. It is 
rudent, if TRANDATE is used, to use the smallest effective dose, so that inhibition of endogenous or 
xogenous beta-agonists is minimized. 

heochromocytoma: Labetalol HCI has been shown to be effective in lowering blood pressure and 
zlieving symptoms in patients with pheochromocytoma. However, paradoxical hypertensive 
ssponses have been reported in a few patients with this tumor; therefore, use caution when adminis- 
tring labetalol HCI to patients with pheochromocytoma. 

liabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of 
remonitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially impor- 
int with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglyce- 
yia; it may therefore be necessary to adjust the dose of antidiabetic drugs. 

lajor Surgery: The necessity or desirability of withdrawing beta-blocking therapy before major 
urgery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
eartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic activity 
as not been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been shown (see PRECAUTIONS: 
rug Interactions). 

RECAUTIONS: General: /mpaired Hepatic Function: TRANDATE” Tablets should be used with 
aution in patients with impaired hepatic function since metabolism of the drug may be diminished. 
jaundice or Hepatic Dysfunction: On rare occasions, labetalol HCI has been associated with 
undice (both hepatic and cholestatic). It is therefore recommended that treatment with labetalol HCI 
e stopped immediately should a patient develop jaundice or laboratory evidence of liver injury. Both 
ave been shown to be reversible on stopping therapy. 
formation for Patients: As with all drugs with beta-blocking activity, certain advice to patients being 
eated with labetalol HCI is warranted. This information is intended to aid in the safe and effective use 
[this medication. It is not a disclosure of all possible adverse or intended effects. While no incidence 
‘the abrupt withdrawal phenomenon (exacerbation of angina pectoris) has been reported with 
betalol HCI, dosing with TRANDATE Tablets should not be interrupted or discontinued without a 
aysician’s advice. Patients being treated with TRANDATE Tablets should consult a physician at any 
gn of impending cardiac failure. Also, transient scalp tingling may occur, usually when treatment 
ith TRANDATE Tablets is initiated (see ADVERSE REACTIONS). 
iboratory Tests: As with any new drug given over prolonged periods, laboratory parameters should 
z observed over regular intervals. In patients with concomitant illnesses, such as impaired renal 
nction, appropriate tests should be done to monitor these conditions. 
tug Interactions: In one survey, 2.3% of patients taking labetalol HCI in combination with tricyclic 
itidepressants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. 
1e contribution of each of the treatments to this adverse reaction is unknown, but the possibility of a 
‘ug interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor 
Jonist drugs in patients with bronchospasm; therefore, doses greater than the normal antiasthmatic 
)se of beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCI. Since this could be 
(plained either by enhanced absorption or by an alteration of hepatic metabolism of labetalol HCI, 
vecial care should be used in establishing the dose required for blood pressure control in such patients. 

Synergism has been shown between halothane anesthesia and intravenously administered labetalol 
CI. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, high 
mcentrations (3% or above) of halothane should not be used because the degree of hypotension will 
+ increased and because of the possibility of a large reduction in cardiac output and an increase in 
Hi venous pressure. The anesthesiologist should be informed when a patient is receiving labetalol 


Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 
nsive effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional 
itihypertensive effects may occur. > 


TRANDATE” (labetalol hydrochloride) Tablets 


Drug/Laboratory Test interactions: The presence of a metabolite of labetalol in the urine may result in 
falsely increased levels of urinary catecholamines when measured by a nonspecific trihydroxyindole 
(THI) reaction. In screening patients suspected of having a pheochromocytoma and being treated with 
labetalol HCI, specific radioenzymatic or high performance liquid chromatography assay techniques 
should be used to determine levels of catecholamines or their metabolites. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with labetalol 
HCI for 18 months in mice and for two years in rats showed no evidence of carcinogenesis. Studies 
with labetalol HCI using dominant lethal assays in rats and mice and exposing microorganisms 
according to modified Ames tests showed no evidence of mutagenesis. 

Pregnancy: Teratogenic Effects: Category C: Teratogenic studies were performed with 
labetalol in rats and rabbits at oral doses up to approximately six and four times the maximum recom- 
mended human dose (MRHD), respectively. No reproducible evidence of fetal malformations was 
observed. Increased fetal resorptions were seen in both species at doses approximating the MRHD. 
A tteratology study performed with labetalol in rabbits at intravenous doses up to 1.7 times the MRHD 
revealed no evidence of drug-related harm to the fetus. There are no adequate and well-controlled 
studies in pregnant women. Labetalo! should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. 

Nonteratogenic Effects: Infants of mothers who were treated with labetalol HCI during pregnancy 
did not appear to be adversely affected by the drug. Oral administration of labetalol to rats during late 
gestation through weaning at doses of two to four times the MRHD caused a decrease in neonatal 
survival. 

Labor and Delivery: Labetalol HCI given to pregnant women with hypertension did not appear to 
affect the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are 
excreted in human milk. Caution should be exercised when TRANDATE Tablets are administered to a 
nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects are mild, transient, and occur early in the course of 
treatment. In controlled clinical trials of three to four months’ duration, discontinuation of TRANDATE” 
Tablets due to one or more adverse effects was required in 7% of all patients. In these same trials, 
beta-blocker control agents led to discontinuation in 8% to 10% of patients, and a centrally acting 
alpha-agonist in 30% of patients. 

The following adverse reactions were derived from multicenter, controlled clinical trials over treat- 
ment periods of three and four months. The rates, which ranged from less than 1% to 5% except as 
otherwise noted, are based on adverse reactions considered probably drug-related by the investigator. 
If all reports are considered, the rates are somewhat higher (eg, dizziness, 20%; nausea, 14%; 
fatigue, 11%). 

Body as a Whole: Fatigue, asthenia, headache. Gastrointestinal: Nausea (6%), vomiting, dyspep- 
sia, diarrhea, taste distortion. Central and Peripheral Nervous Systems: Dizziness (11%), paresthe- 
sia, drowsiness. Autonomic Nervous System: Nasal stuffiness, ejaculation failure, impotence, 
increased sweating. Cardiovascular: Edema, postural hypotension. Respiratory: Dyspnea. Skin: 
Rash. Special Senses: Vision abnormality, vertigo. 

The adverse effects were reported spontaneously and are representative of the incidence of adverse 
effects that may be observed in a properly selected hypertensive patient population, ie, a group 
excluding patients with bronchospastic disease, overt congestive heart failure, or other contraindica- 
tions to beta-blocker therapy. 

Clinical trials also included studies utilizing daily doses up to 2,400 mg in more severely hyperten- 
sive patients, The US therapeutic trials data base for adverse reactions that are clearly or possibly 
dose-related shows that the following side effects increased with increasing dose: dizziness, fatigue, 
nausea, vomiting, dyspepsia, paresthesia, nasal stuffiness, ejaculation failure, impotence, and edema. 

In addition, a number of other less common adverse events have been reported in clinical trials or 
the literature: 

Cardiovascular: Postural hypotension, including, rarely, syncope. Central and Peripheral Nervous 
Systems: Paresthesia, most frequently described as scalp tingling. In most cases, it was mild, 
transient, and usually occurred at the beginning of treatment. Collagen Disorders: Systemic lupus 
erythematosus; positive antinuclear factor (ANF). Eyes: Dry eyes. Immunological System: Antimito- 
chondrial antibodies. Liver and Biliary System: Cholestasis with or without jaundice. Musculoskele- 
tal System: Muscle cramps, toxic myopathy. Respiratory System: Bronchospasm. Skin and 
Appendages: Rashes of various types, such as generalized maculopapular, lichenoid, urticarial, 
bullous lichen planus, psoriaform, and facial erythema; Peyronie's disease; reversible alopecia. 
Urinary System: Difficulty in micturition, including acute urinary bladder retention. 

Following approval for marketing in the United Kingdom, a monitored release survey involving 
approximately 6,800 patients was conducted for further safety and efficacy evaluation of this product. 
Results of this survey indicate that the type, severity, and incidence of adverse effects were comparable 
to those cited above. 

Potential Adverse Effects: In addition, other adverse effects not listed above have been reported with 
other beta-adrenergic blocking agents. Central Nervous System: Reversible mental depression 
Progressing to catatonia, an acute reversible syndrome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, slightly clouded sensorium, and decreased perfor- 
mance on psychometrics. Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 
Allergic: Fever combined with aching and sore throat; laryngospasm, respiratory distress. Hemato- 
logic: Agranulocytosis, thrombocytopenic or nonthrombocytopenic purpura. Gastrointestinal: 
Mesenteric artery thrombosis, ischemic colitis. The oculomucocutaneous syndrome associated with 
the beta-blocker practolo! has not been reported with labetalol HCI. 

Clinical Laboratory Tests: There have been reversible increases of serum transaminases in 4% of 
patients treated with labetalol HCI and tested, and, more rarely, reversible increases in blood urea. 
OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the full 
prescribing information. 

DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. The recommended initial 
dosage is 100 mg twice daily whether used alone or added to a diuretic regimen. After two or three 
days, using standing blood pressure as an indicator, dosage may be titrated in increments of 100 mg 
bid every two or three days. The usual maintenance dosage of labetalol HCI is between 200 and 

400 mg twice daily. Before use, see complete prescribing information for dosage details. 
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(captopril tablets) 


Reference: 

|. The Captopril-Digoxin Multicenter Research Group: Comparative effects of 
therapy with captopril and digoxin in patients with mild to moderate heart 
failure. J Am Med Assoc 259:539-544, 1988. 


CAPOTEN*® TABLETS 
Captopril Tablets 


INDICATIONS: Hypertension—CAPOTEN (captopril) is indicated for the treatment of hyper- 
tension. Consideration should be given to the risk of neutropenia/ agranulocytosis (see WARN- 
INGS). CAPOTEN may be used as initial therapy for patients with normal renal function, in 
whom the risk is relatively low. In patients with impaired renal function, particularly those with 
collagen vascular disease, captopril should be reserved for those who have either developed 
unacceptable side effects on other drugs, or have failed to respond satisfactorily to drug 
combinations. CAPOTEN is effective alone and in combination with other antihypertensive 
agents, especially thiazide-type diuretics. 


Heart Failure: CAPOTEN (captopril) is indicated in the treatment of congestive heart failure in 
patients who have not responded adequately to treatment with diuretics and digitalis. Al- 
though the beneficial effect of captopril in heart failure does not require the presence of 
digitalis, most controlled clinical trial experience with captopril has been in patients receiv- 
ing digitalis, as well as diuretic treatment. Consequently, CAPOTEN should generally be added 
to both of these agents except when digitalis use is poorly tolerated or otherwise not feasible. 


> sian gated at CAPOTEN is contraindicated in patients who are hypersensitive to 
is product. 


WARNINGS: Neutropenia/Agranulocytosis—Neutropenia (<1000/mm:) with myeloid hypo- 
dlasia has resulted from use of captopril. About half of the neutropenic patients developed 
systemic or oral cavity infections or other features of the syndrome of agranulocytosis. The 
‘isk of neutropenia is dependent on the clinical status of the patient: 


In clinical trials in patients with hypertension who have normal renal function (serum creat- 
inine less than 1.6 mg/dL and no collagen vascular disease), neutropenia has been seen 
in one patient out of over 8,600 exposed. In patients with some degree of renal failure 
(serum creatinine at least 1.6 mg/dL) but no collagen vascular disease, the risk in clinical 
trials was about 1 per 500. Doses were relatively high in these patients, particularly in view 
of their diminished renal function. In patients with collagen vascular diseases (e.g., sys- 
temic lupus erythematosus, scleroderma) and impaired renal function, neutropenia oc- 
curred in 3.7% of patients in clinical trials. While none of the over 750 patients in formal 
clinical trials of heart failure developed neutropenia, it has occurred during the subse- 
quent clinical experience. Of reported cases, about half had serum creatinine = 1.6 mg/dL 
and more than 75% received procainamide. In heart failure, it appears that the same risk 
factors for neutropenia are present. 


Neutropenia has appeared usually within 3 months after starting therapy, associated with 
nyeloid hypoplasia and frequently accompanied by erythroid hypoplasia and decreased 
1umbers of megakaryocytes (e.g., hypoplastic bone marrow and pancytopenia); anemia and 
‘hrombocytopenia were sometimes seen. Neutrophils generally returned to normal in about 
2 weeks after captopril was discontinued, and serious infections were limited to clinically 
somplex patients. About 13% of the cases of neutropenia have ended fatally, but almost ail 
atalities were in patients with serious illness, having collagen vascular disease, renal failure, 
yeart failure or immunosuppressant therapy, or a combination of these complicating factors. 
Evaluation of the or heart failure patient should always include assessment 
>f renal function. If captopril is used in patients with impaired renal function, white blood cell 
ind differential counts should be evaluated prior to starting treatment and at approximately 
2-week intervals for about 3 months, then periodically. In patients with collagen vascular 
disease or who are exposed to other drugs known to affect the white cells or immune re- 
sponse, particularly when there is impaired renal function, captopril should be used only 
ifter an assessment of benefit and risk, and then with caution. All patients treated with captopril 
should be told to report any signs of infection (e.g., sore throat, fever). If infection is suspected, 
yerform white cell counts without delay. Since discontinuation of captopril and other drugs 
yas generally led to prompt return of the white count to normal, upon confirmation of 
peri fo (neutrophil count <1000/mm3) withdraw captopril and closely follow the pa- 
ients course. 


*roteinuria: Total urinary proteins >1 g per day were seen in about 0.7% of patients on 
saptopril. About 90% of affected patients had evidence of prior renal disease or received 
tigh doses (>150 mg/day), or both. The nephrotic syndrome occurred in about one-fifth of 
»roteinuric patients. In most cases, proteinuria subsided or cleared within 6 months whether 
ər not captopril was continued. The BUN and creatinine were seldom altered in proteinuric 
tatients. Since most cases of proteinuria occurred by the 8th month of therapy with captopril, 
datients with prior renal disease or those receiving captopril at doses >150 mg per day, 
ihould have urinary protein estimates (dip-stick on 1st morning urine) before therapy, and 
deriodically thereafter. 


fypotension: Excessive hypotension was rarely seen in hypertensive patients but is a possi- 
dility in severely salt/volume-depleted persons such as those treated vigorously with diuret- 
cs (see PRECAUTIONS [Drug Interactions)). In heart failure, where the blood pressure was 
ither normal or low, transient decreases in mean blood pressure >20% were recorded in 
tbout half of the patients. This transient hypotension may occur after any of the first several 
loses and is usually well tolerated, although rarely it has been associated with arrhythmia or 
‘onduction defects. A starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive 
‘ffect. Patients should be followed closely for the first 2 weeks of treatment and whenever the 
lose of captopril and/or diuretic is increased. 


BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THER- 
\PY SHOULD BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


*RECAUTIONS: General: Impaired Renal Function—Hypertension—Some hypertensive pa- 
ients with renal disease, particularly those with severe renal artery stenosis, have developed 
ncreases in BUN and serum creatinine. It may be necessary to reduce captopril dosage 
ind/or discontinue diuretic. For some of these patients, normalization of blood pressure and 
naintenance of adequate renal perfusion may not be possible. Heart Failure—About 20% of 
vatients develop stable elevations of BUN and serum creatinine >20% above normal or 
saseline upon long-term treatment. Less than 5% of patients, generally with severe preexisting 
enal disease, required discontinuation due to progressively increasing creatinine. See DOS- 
\GE AND ADMINISTRATION, ADVERSE REACTIONS [Altered Laboratory Findings]. Valvular 
stenosis—A theoretical concern, for risk of decreased coronary perfusion, has been noted 
egarding vasodilator treatment in patients with aortic stenosis due to decreased afterload 
eduction. Surgery/ Anesthesia—lf hypotension occurs during surgery or anesthesia, and is 
sonsidered due to the effects of captopril, it is correctable by volume expansion. 
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Drug Interactions: Hypotension—Patients on Diuretic Therapy—Precipitous reduction of blood 
pressure may occasionally occur within the 1st hour after administration of the initial captopril 
dose in patients on diuretics, especially those recently placed on diuretics, and those on 
severe dietary salt restriction or dialysis. This possibility can be minimized by either 
discontinuing the diuretic or increasing the salt intake about 1 week prior to initiation of 
captopril therapy or by initiating therapy with small doses (6.25 or 12.5 mg). Alternatively, 
provide medical supervision for at least 1 hour after the initial dose. 


Agents Having Vasodilator Activity—in heart failure patients, vasodilators should be 
administered with caution. 


Agents Causing Renin Release—Captopril's effect will be augmented by antihypertensive 
agents that cause renin release. 


Agents Affecting Sympathetic Activity—The sympathetic nervous system may be espe- 
cially important in supporting blood pressure in patients receiving captopril alone or with 
diuretics. Beta-adrenergic blocking drugs add some further antihypertensive effect to 
captopril, but the overall response is less than additive. Therefore, use agents affecting sym- 
pathetic activity (e.g., ganglionic blocking agents or adrenergic neuron blocking agents) with 
caution. 


Agents Increasing Serum Potassium—Give potassium-sparing diuretics or potassium sup- 
plements only for documented hypokalemia, and then with caution, since they may lead toa 
significant increase of serum potassium. Use potassium-containing salt substitutes with 
caution. 


Inhibitors of Endogenous Prostaglandin Synthesis—indomethacin and other nonsteroidal 
anti-inflammatory agents may reduce the antihypertensive effect of captopril, especially in 
low renin hypertension. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for acetone. 


is, Mutagenesis and Impairment of Fertility: Two-year studies with doses of 
50 to 1350 mg/kg/day in mice and rats failed to show any evidence of carcinogenic potential. 
Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C: There are no adequate and well-controlled studies in pregnant 
women. Embryocidal effects and craniofacial malformations were observed in rabbits. There- 
fore, captopril should be used during pregnancy, or for patients likely to become pregnant, 
only if the potential benefit outweighs the potential risk to the fetus. Captopril crosses the 
human placenta. 


Nursing Mothers: Captopril is secreted in human milk. Exercise caution when administering 
captopril to a nursing woman, and, in general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established although there 
is limited experience with use of captopril in children from 2 months to 15 years of age. 
Dosage, on a weight basis, was comparable to that used in adults. CAPOTEN (captopril) 
should be used in children only if other measures for controlling blood pressure have not 
been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving approxi- 
mately 7000 patients. 


Renal—About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency, 
renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 


Hematologic—Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, 
thrombocytopenia, and pancytopenia have been reported. 


Dermatologic—Rash, (usually maculopapular, rarely urticarial), often with pruritus, and 
sometimes with fever and eosinophilia, in about 4 to 7 of 100 patients (depending on renal 
status and dose), usually during the 1st 4 weeks of therapy. Pruritus, without rash, in about 2 
of 100 patients. A reversible associated pemphigoid-like lesion, and photosensitivity, have 
also been reported. Angioedema of the face, mucous membranes of the mouth, or of the 
extremities in about 1 of 1000 patients—reversible on discontinuance of captopril therapy. 
One case of laryngeal edema has been reported. Flushing or pallor in 2 to 5 of 1000 patients. 


Cardiovascular—Hypotension may occur; see WARNINGS and PRECAUTIONS [Drug 
Interactions] for discussion of hypotension on initiation of captopril therapy. Tachycardia, 
chest pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardial 
infarction, Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 1000 patients. 


Dysgeusia—Approximately 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception; taste impairment is reversible and usually 
self-limited even with continued drug use (2 to 3 months). Gastric irritation, abdominal pain, 
nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, peptic ulcer, dizziness, 
headache, malaise, fatigue, insomnia, dry mouth, dyspnea, cough, alopecia, paresthesias 
reported in about 0.5 to 2% of patients but did not appear at increased frequency compared 
to placebo or other treatments used in controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients although no causal 
relationship has been established. Rarely cholestatic jaundice, and hepatocellular injury 
with or without secondary cholestasis, have been reported. A transient elevation of BUN and 
serum creatinine may occur, especially in volume-depleted or renovascular hypertension 
patients. In instances of rapid reduction of longstanding or severely elevated blood pressure, 
the glomerular filtration rate may decrease transiently, also resulting in transient rises in 
serum creatinine and BUN. Small increases in serum potassium concentration frequently 
occur, especially in patients with renal impairment (see PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an I.V. 
infusion of normal saline is the treatment of choice for restoration of blood pressure. Captopril 
may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before 
meals. In hypertension, CAPOTEN may be dosed bid or tid. Dosage must be individualized; 
see DOSAGE AND ADMINISTRATION section of package insert for detailed information re- 
garding dosage in hypertension and in heart failure. Because CAPOTEN (captopril) is ex- 
creted primarily by the kidneys, dosage adjustments are recommended for patients with 
impaired renal function. 


Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 12.5, 25, and 50 mg in bottles of 100 and 1000; 100 
mg in bottles of 100; and in UNIMATIC® unit-dose packs of 100 tablets. (J3-658L) 
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*CAPOTEN is indicated in patients with heart failure who have not responded adequately to treatment with diuretics and digitalis. Although the 
beneficial effect of captopril in heart failure does not require the presence of digitalis, most controlled clinical trial experience with captopril has 
been in patients receiving digitalis as well as diuretic treatment. Consequently, CAPOTEN should generally be added to both of these agents 
except when digitalis use is poorly tolerated or otherwise not feasible. In using CAPOTEN, consideration should be given to the risk of neutro- 
penia/agranulocytosis. Use special precautions in patients with impaired renal function, collagen vascular disorders, or those exposed to other 
drugs known to affect the white blood cells or immune response. Evaluation of heart failure patients should always include assessment of renal 
function. See INDICATIONS, CONTRAINDICATIONS, WARNINGS, and ADVERSE REACTIONS in the brief summary on adjacent page. 
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to escape mechanisms. Idiosyncrasy or hypersensitivity to quinidine or related cinchona derivatives. Myasthenia gravis. 
Ìn the treatment of atrial flutter, reversion to sinus rhythm may be preceded by a progressive reduction in the degree of A-V block to a 1:1 ratio, resulting in an extremely 

rapid ventricular rate. This possible hazard may be reduced by prior to administration of quinidine. 

Reports in the literature indicate that serum concentrations of di SR eee el OT SRS See pens Ankea EBONY Patients on concomitant 

should be carefully monitored for digitalis toxicity. Reduction of digoxin ‘have to be considered. 
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preparation system Quik-Prep™ be- 
cause it makes prepping the patient 
faster. But one look at the traces on 
the right will tell you we could have 
named it Stable Baseline Prep. Both 
traces were from the same patient, 
the same day, with the same 
equipment. 


Consistently better 
ECG traces. 

Proper skin preparation is the 
key to stable baselines. And Quik- 
Prep is the key to proper skin 
preparation. 


Unprepped skin, 
Bruce Test Stage 4 (4.2 MPH, 16% Grade) 
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Quik-Prepped Skin, 
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Lime emicient. Wost ettective. 

Like the name says, Quik- 
Prep’s fast. In most cases, ten elec- 
trodes can be prepped in less than 
three minutes. 

You save expensive technician 
time every test. And you won’t 
waste either time or supplies repeat- 
ing tests because the skin wasn’t 
properly prepped. That gives 
Quik-Prep a lower cost-in-use than 
most standard electrodes. 

We'd like to show you how 
Quik-Prep’s skin preparation system 
can give you better ECG traces, more 
efficiently. For a free demonstration, 


Quik-Prep’s patented applicator 
rotates the center of a special pre-gelled 
silver-silver chloride electrode. By mea- 


call Quinton at 1-800-426-0347 or write 
us at 2121 Terry Ave., Seattle, WA 
98121 + Telex 3794094. 


pared so you get stable ECG baselines, 
test after test. 


suring the electrical impedance of the 
skin electrode combination, it literally 
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the latest editions of the Council of Biology Editors Style 
Manual, A Manual of Style by the University of Chicago 
Press, or the Stylebook/Editorial Manual of the AMA for 
current usage. 

Pagination. Begin numbering with the title page as 
page 1, the summary page as page 2, and continue 
throughout the references, figure legends, and tables. Page 
numbers should appear in the upper right-hand corner of 
each page. 

Title page. The title page should include the title, 
authors’ full names, highest earned academic degrees, and 
institutional affiliations and location. If the title is exceed- 
ingly long, a shortened title for the running heading (no 
longer than 42 characters) should be included. Designate 
one author as correspondent (provide address and tele- 
phone number) to receive correspondence, galley proofs, 
and reprint requests. 

Summary. Each article should be accompanied by an 
abstract/summary not to exceed 150 words typed double- 
spaced on a separate sheet of paper. 

References. References must be numbered serially in 
the order they appear in the text and listed, on a separate 
sheet and double-spaced. Reference format should con- 
form to that set forth in “Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals” (Ann 
Intern Med 1982;96(Pt 1):766-771). Periodical references 
should be keyed to the text material and placed at the end 
of the article and should include, in the order given: name 
of author(s), title, journal, year, volume, and pages; for 
example: Hope RR, Scherlag BJ, Lazzara R. Excitation of 
ischemic myocardium: Altered properties of conduction, 
refractoriness, and excitability. AM Heart J 1980;99:753. 
Journal abbreviations in the references must follow the 
style used in the List of Journals Indexed in Index 
Medicus. Book references should include, in the order 
given: name of author(s), title, editor, city, publisher, year, 
pages (if any); for example: Sherry S. Detection of throm- 
bi. In: Strauss HW, Pitt B, James AE, editors. Cardiovas- 
cular nuclear medicine. St. Louis: The CV Mosby Co, 
1974: 273. 

Unpublished data and personal communications may 
be cited in the text but should not be listed as references. 
Authors are responsible for the accuracy of their refer- 
ences. 

Illustrations. Illustrations (three original complete 
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sets) should be numbered in the order of their mention in 
the text and should be marked lightly on the back with the 
author’s name and an arrow to indicate the top edge. A 
reasonable number of halftone illustrations will be repro- 
duced free of cost to the author, but special arrangements 
must be made with the Editor for color plates, elaborate 
tables, or extra illustrations. To ensure clear reproduction, 
all copy for line illustrations, including pen drawings and 
charts, must be prepared with India ink, and a black 
ribbon must be used for typewritten material. Only good 
photographic prints and original drawings should be 
supplied for halftone work. Preferred size for submitted 
illustrations is 5 X 7 inches. All lettering must be done 
professionally. Do not send original artwork, x-ray films, 
or ECG tracings. Glossy photographs are preferred; black 
and white contrast is essential. Suitable figure legends 
should be typewritten, double-spaced, on a separate sheet 
of paper and included at the end of the manuscript. 

Tables. Tables should be self-explanatory and num- 
bered in Roman numerals according to their mention in 
the text. Provide a brief title for each. Type on separate 
pages. Abbreviations used in tables should be defined in a 
footnote at the end of the table. 

Human research. Authors should identify that 
informed consent was obtained when applicable. Thereby, 
the manuscript should also include the notation that the 
study was approved by the institutional committee on 
human research. 

Reprints. Single reprints must be obtained from the 
author. Reprint order forms will be sent to authors after 
articles are published. Reprints in quantity must be 
purchased from The C. V. Mosby Company, 11830 West- 
line Industrial Drive, St. Louis, MO 63146-3318. Reprints 
may not be purchased without the senior or corresponding 
author’s permission, and they may not be used for any 
purposes other than those specified by the author. 
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CONTRAINDICATIONS 
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Serious adverse reactions have been rare in studies carried out 
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Experimental study on myocardial salvage by 
coronary thrombolysis and mechanical 


recanalization 


Salvage of the Ischemic myocardium by coronary thrombolysis and mechanical. recanalization 
(simulated angioplasty) was studied in a canine experimental model of acute myocardial 
infarction induced by coronary occlusive thrombus at the left anterior descending coronary 
artery. Forty-four open-chest dogs divided into three groups were studied. Group I (n = 15, 
control group) was observed for 6 hours following the onset of Infarct. In group Il {n = 14, 
thrombolysis group), thrombolysis was obtained by intravenous administration of urokinase 2 


hours after the onset of Infarct. In group Ill (n = 15, mechanical recanalization group), simulated 
angioplasty was performed 2 hours after Infarct. Coronary reperfusion was continued for 4 hours 
in groups li and Ill. The areas of left ventricular risk and Infarct were measured by double 
staining methods with Evans blue dye and triphenyl tetrazollum hydrochloride. There were no 
significant differences in control blood flow and risk area in the three groups. Myocardial infarct 
area/risk area was 65 + 3% in group I, 45 + 1% in group Hl, and 35 + 2% in group Ill (group | vs 
li, p < 0.001; group Il vs Ill, p < 0.001). Restored coronary blood flow in the left anterior 
descending artery was 8 + 1 ml/min in group Il and 14 + 1 ml/min in group III (p < 0.001). The 


data suggest that coronary mechanical recanalization is more effective than thrombolysis in 
salvaging the Ischemic myocardium in the early phase of myocardial infarction, most probably 
because coronary biood flow ts better restored by mechanical recanalization. (Am Heart J 


1988; 116:687.) 


Haruo Tomoda, MD. Kanagawa, Japan . 


Intracoronary thrombolytic therapy has been 
applied successfully to restore coronary blood flow 
during the early phase of acute myocardial infarc- 
tion.? Furthermore, tissue-type plasminogen acti- 
vator has proved to be a potent thrombolytic agent 
that is capable of resolving intracoronary thrombus 
when given intravenously.*‘ However, the attain- 
ment of the final goal of coronary thrombolytic 
therapy, i.e., salvage of the ischemic myocardium, is 
still controversial. Some randomized studies®*® have 
indicated that left ventricular ejection fraction as 
well as regional wall motion are significantly 
improved in groups treated with coronary thrombo- 
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lytic therapy compared with controls, whereas in 
other randomized studies” no significant functional 
improvement in the left ventricle was obtained by 
coronary thrombolysis. 

In contrast, residual coronary stenosis following 
thrombolysis has been found in clinical and experi- 
mental studies®° to be a factor preventing protec- 
tion of the ischemic myocardium. Thus percutane- 
ous transluminal coronary angioplasty (PTCA) has 
been applied following successful coronary thrombo- 
lysis for residual stenosis** or directly, without 
thrombolysis, to restore coronary blood flow and 
eliminate atherosclerotic coronary stenosis. 1 
Although the results obtained by PTCA in protect- 
ing the ischemic myocardium in patients with acute 
myocardial infarction appear to be promising," a 
considerable number of randomized studies on large 
numbers of patients will be needed in order to 
determine whether angioplasty is more effective in 
protecting the ischemic myocardium than thrombo- 
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Fig. 1. Schematic diagram of the experimental model of acute myocardial infarction. The tip of a small 
tube filled with a cholesterol-collagen mixture (*) protruded via a branch artery into the left anterior 
descending coronary artery where the artery was stenosed by a constrictor. 


lysis. Therefore the present study was undertaken to 
compare the effects of coronary thrombolysis and 
simulated angioplasty in an experimental model of 
acute myocardial infarction induced by intracorona- 
ry occlusive thrombus precipitated at a mock rup- 
tured atheromatous plaque.” 
METHODS 

Experimental model. Experiments were performed on 
98 adult mongrel dogs, weighing 8 to 14 kg. Each animal 
was anesthetized with intravenous sodium pentobarbital 
(80 mg/kg body weight) and the chest was opened under 
artificial ventilation. The heart was suspended in a peri- 


cardial cradle. A polyvinyl chloride tube with an external - 


diameter of 1 mm was inserted via a small branch, and the 
tip of the tube was advanced and exposed to the lumen of. 


the left anterior descending coronary artery (LAD) at the . 


beginning of each experiment. 


The tube was prefilled with a 1:1 mixture of collagen 


(bovine Achilles tendon, No. C 9879, Sigma Chemical Co., 
St. Louis, Mo.) and cholesterol, which protruded from the 
tip of the tube, imitating the ruptured atheromatous 
plaque.* An electromagnetic flowmeter was set around 
the LAD, 1 cm proximal to the tube. A specially designed 
constrictor was placed on the LAD where the tip of the 
tube was located. Left ventricular and aortic pressures 
were measured via catheter tip manometer (CTC-047N, 
Nihon Kohden, Tokyo, Japan). A length gauge and silver 
electrode were sutured in the LAD area. The constriction 
of the LAD was adjusted to obtain a 10% decrease in LAD 
flow. Measurements of flow, pressures, myocardial con- 


traction, and an electrocardiogram (ECG) were taken 
throughout the experiment. The occurrence of myocardial 
infarction due to the intracoronary occlusive thrombus 
precipitated at the mock atheromatous plaque was identi- 
fied when the phasic LAD flow disappeared in association 
with asynergic myocardial contraction. Details of the 
myocardial infarction model induced by intracoronary 
thrombus have been reported elsewhere (Fig. 1). 
Twenty-one of the 98 animals went into ventricular 


fibrillation and could not be resuscitated with two DC 


shocks; five did not show abnormal myocardial contrac- 


` tion despite the cessation of LAD flow; spontaneous LAD 


flow appeared in six; and LAD flow did not disappear in 
13; all of these animals were excluded from the following 
study. 

Materials. The animals were divided into three groups. 
Group I (control group): Sixteen animals were observed 
for 6 hours following the onset of myocardial infarction 
due to intracoronary thrombotic occlusion. Group IT 
(thrombolytic group): In 22 animals a thrombolytic agent, 
urokinase, 3 X 104 U/kg, was administered: intravenously 
as a bolus 110 minutes after the onset of myocardial 
infarction. Coronary thrombolysis was confirmed by 
recurrence of LAD flow in 14 dogs, and the animals weré 
observed for 4 more hours. Group III (mechanical recan- 
alization group): In 15 animals, the mock atheromatous 
plaque was pulled back into the branch artery of the LAD, 
the intracoronary thrombus was crushed by external 
compression of the LAD, the coronary artery stenosis was 
released 2 hours after the onset of myocardial infarction, 
and the animals were observed for 4 more hours (Fig. 2). 


Volume 116 
Number 3 


Time i l iri 
meN Thrombotic 
Occlusion 





`- Group | 
(contre!) 


Group Il. 
(thrombolysis) 


Group it. 
(mechanical 
recanalization) 


aa 


Myocardial salvage by coronary revascularization 689 


150 a a 
Morphemetric 
Studies 


| 








Recanallzation 





Fig. 2. Experimental protocol. Group I: Animals were observed for 6 hours following the onset of 
myocardial infarction. Group IT: Urokinase was administered 110 minutes after the onset of infarction and 
thrombolysis was obtained in 12 minutes (average). Group II: Mechanical recanalization was performed 


120 minutes after the onset of infarction. 


Coronary blood flow was restored immediately following 
the procedure in all group III animals. Although the 
manipulation was intended to simulate PTCA by releasing 
coronary stenosis and crushing the thrombus, the proce- 
dure is apparently not completely the same as PTCA. 
Therefore the manipulation will be termed mechanical 
recanalization in the following descriptions. 

Postmortem quantification of infarct and risk area. All 
animals were killed at the end of the above procedures by an 
overdose of potassium chloride. Myocardial infarct and risk 
area masses were calculated with an in vitro dual perfusion 
technique described by Shea et al. Cannulas were inserted 
into the LAD immediately distal to the site of thrombus 
formation, and into the aorta above the coronary ostia. The 
LAD was perfused with 1.5% tripheny] tetrazolium hydro- 
chloride (TTC). The aorta was perfused in a retrograde 
manner with 0.5% Evans blue dye. The area of the left 
ventricle at risk for infarct was identified by the absence of 
Evans blue dye, which was delivered to those regions 
supplied by the left.cireumflex coronary artery and the right 
coronary artery. The area at risk was perfused with TTC, 
which turns into a bright red formazan precipitate when it 
undergoes reduction in the presence of dehydrogenase 
enzymes present in viable myocardial tissue. Failure of the 
perfused cells to reduce TTC is indicative of a region of 
irreversibly injured myocardium.” The heart was cut into 
several sections, each 1 cm thick, perpendicular to the 

apex-base axis. Tracings of each ventricular section, as 
indicated by Evans blue staining and TTC reaction, were 
made on clear plastic sheets. The area of each of the 

. demarcated regions of each ventricular section was quan- 
titated by planimetry (Fig. 3). 

Statistics. Data for each group were expressed as the 
mean.+ SEM. Paired and unpaired Student’s ¢ tests were 
used to calculate the significance of differences within and 





RA 
IA: Infarct area 
NA: Non-ischemic area 
RA: Risk area 


Fig. 3. Schematic representation of the method PE to 
calculate infarct area, nonischemic area, and risk area. 


between individual groups. To assess the significance of 
differences between groups in the inciderice of improve- 
ment of myocardial contraction, a chi square test was 
used. A level of significance of 0.05 was considered statis- 
tically significant. 


RESULTS 


Functional features. In group I, one of the 16 
animals died of ventricular fibrillation during the 
4-hour observation period. in group II, 14 of the 22 
animals indicated restoration of LAD flow in 12 + 3 
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Fig: 4. Changes in rate-pressure product. Control: Just before the installation of the mock atheromatous 
plaque and coronary stenosis. 2 hours Post MI: Two hours after the onset of myocardial infarction (group 
I), just before thrombolysis (group ID) or mechanical recanalization (group HI). 6 hours Post MI: Six hours 
after the onset of infarction. There were no significant differences among the three groups. Values are 


mean + SEM. 


minutes, and none died during the 4-hour period 
following thrombolysis. In group III; none died 
during the observation period following mechanical 
recanalization. Thus groups I, H, and DI actually 
consisted of 15, 14, and 15, animals, respectively. 
Regional myocardial contraction at the ischemic 
area, as measured by length strain gauge arch, 
recovered completely in one and incompletely in 6 of 
the 14 animals in group II with thrombolysis, while 
it recovered completely in two and incompletely in 
eight of the 15 animals in group III with mechanical 
recanalization. 

None of the animals in group I showed improve- 
ment in myocardial contraction of the ischemic area 
during the observation period. The incidence of 
complete and incomplete improvement of the con- 
tractile state of the ischemic myocardium was signif- 
icantly more frequent in groups II (p < 0.001) and 
III (p < 0.001) compared with group I, whereas the 
incidence was more frequent in group III than in 
group II, but the difference was not statistically 
significant. 

Mean systolic blood pressure decreased after the 


onset of myocardial infarction in each group, but the 
reduction was blunted following coronary thrombo- 
lysis or angioplasty in groups II and III. Heart rate 
did not show significant changes in any of the 
groups. Rate-pressure product tended to decrease 
during myocardial infarction in each group, and 
there was no significant difference in the values 
among the three groups throughout myocardial 
infarction and the follow-up period regardless of 
coronary reperfusion (Fig. 4). 

Left ventricular end-diastolic pressure ET 
significantly during myocardial infarction in each 
group, whereas in group IHI the pressure was 
reduced to a level close to the control value by the 
simulated angioplasty (Fig. 5). Left ventricular peak 
dp/dt decreased significantly during myocardial 
infarction in each group, but the reduction was less 
prominent in group III following mechanical recana- 
lization (Fig. 6). 

LAD flow was 13.9 + 1.4 ml/min in group I before 
myocardial infarction, 13.5 + 1.5 ml/min in group II 
before myocardial infarction, actually 0 ml/min dur- 
ing infarct, and 7.9 + 1.0 ml/min during the reperfu- 
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Fig. 5. Changes in left ventricular (LV) end-diastolic pressure. LV end-diastolic pressure increased 
significantly during myocardial infarction in each group, while the pressure elevation was blunted in group 
II and the pressure was reduced to the control level in group III at 6 hours after the onset of 
infarction. 
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Fig. 7. Changes in left anterior descending coronary arterial (LAD) blood flow. LAD flow was 
significantly greater in group III than in groups I or II 6 hours after the onset of infarction. 


sion period induced by coronary thrombolysis. In 
group III, LAD flow was 14.4 + 1.2 ml/min in the 
control period and 13.6 + 1.2 ml/min during the 
reperfusion period induced by mechanical recanali- 
zation. There was a significant difference in LAD 
flow during the reperfusion period between groups 
lH and II (p < 0.001) (Fig. 7). 

Morphometric features. Left ventricular weight was 
76 + 5gm, 75 + 8gm, and 75 + 4gm in groups I, H, 
and III, respectively. The area at risk in groups I, II, 
and ITI was 27 + 1%, 25 + 2%, and 27 + 2% of the 
left ventricular mass, respectively, showing no sig- 
nificant difference. The myocardial infarct area 
(myocardial infarct area/risk area) was 65 + 3% in 
group I, 45 + 1% in group II, and 35 + 2% in group 
III. The ratio was significantly smaller in group III 
than in groups I (p < 0.001) or II (p < 0.001) (Fig. 
8). 


DISCUSSION 


Factors determining post-infarct ventricular function. 
There have been divergent results with regard to the 
protective effects of coronary thrombolytic therapy 
on the ischemic myocardium.>* Among several fac- 
tors limiting the therapeutic effects, the most criti- 
cal may be the time from the onset of myocardial 


infarction to the recanalization of the occluded 
coronary artery. 

In an experimental study with conscious dogs, 
reperfusion of the LAD after 2 hours of occlusion 
improved the contractile function at the site of 
ischemia, whereas long-term reperfusion after 4 
hours of occlusion did not restore contractile func- 
tion.” Some clinical studies indicate that improve- 
ment of hypokinesia was greater in patients who 
received thrombolytic therapy within 1.5 hours” or 2 
hours” after the onset of infarction. Thus in the 
present study coronary reperfusion was attempted 
at 2 hours of myocardial infarction to minimize the 
possible time-dependent limitation of coronary 
reperfusion therapies. Another important factor in 
attenuating the therapeutic effects is coronary resid- 
ual stenosis, which is not only the harbinger of 
coronary restenosis,” but may be the source of the 
inadequate reperfusion to the ischemic myocardi- 
um.” An experimental study indicates that ventric- 
ular function deteriorates when coronary flow falls 
below a critical level,’ and the recovery of regional 
left ventricular function has been shown to be 
greatest in patients with minimal residual steno- 
sis.” 

Disturbed regional contraction is occasionally 
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Fig. 8. Summary of results of risk area, infarct area corrected by LV mass, and the ratio of infarct area to 
risk area in the three groups. Infarct area and infarct area/risk area were significantly smaller in groups IT 
and III, and the values were significantly smaller in group III than in group II. 


compensated by augmented contraction of the non- 
ischemic area. Indeed, in the present study as well, 
regional contraction of the ischemic myocardium 
improved significantly in groups II and ITI, whereas 
the improvement in left ventricular function, as 
estimated by maximal dp/dt, was not statistically 
significant. This finding might be the experimental 
counterpart of the clinical reports indicating diver- 
gent effects on global left ventricular function 
obtained by coronary recanalization therapy. 
Myocardial salvage by thrombolysis and mechanical 
recanalization. Measurements of the myocardial 
mass that has changed to irreversible infarct or that 
has been salvaged by coronary recanalization are of 
critical importance. In a limited number of reports, 
infarct mass was measured by thallium perfusion 
imaging” or by myocardial enzyme release.* Simoons 
et al. found that the reduction of infarct size 
estimated by enzyme release was 51% in patients 
admitted within 1 hour after the onset of symptoms 
to receive coronary thrombolysis; in those admitted 
between 1 and 2 hours after symptom onset it was 
31%, and in those admitted later than 2 hours it was 
13%. In contrast, Ritchie et al.® did not find any 


difference in infarct size determined by 201-thalli- 
um tomography between control and streptokinase- 
treated patients, and there were no differences even 
in the subsets with symptoms of less than or more 
than 3 hours’ duration. 

In the present study, however, there was a highly 
significant difference in infarct/risk area between 
the control group and the thrombolysis or mechani- 
cal recanalization group (p < 0.001). There was also 
a significant difference in infarct size between the 
thrombolysis group (group IT) and the mechanical 
recanalization group (group III) (p < 0.001). The 
ratio of the area exposed to ischemia to the total left 
ventricular mass, to duration of coronary occlusion, 
or to myocardial oxygen consumption estimated by 
pressure-rate product throughout the experiments 
was not significantly different among the three 
groups. 

The sole difference in experimental data was that 
LAD flow restored by mechanical recanalization, 
i.e., simulated angioplasty, was significantly greater 
than that obtained by thrombolysis. These findings 
are compatible with those that report™ that coro- 
nary blood flow restored by angioplasty is greater 


694 Tomoda 


_than that obtained by thrombolysis; the existence of 
residual stenosis possibly disturbs the improvement 
of the ischemic myocardium. The results 
obtained in the present study support the find- 
ings! *"" that PTCA performed solely or in combi- 
nation with thrombolysis improves left ventricular 
function significantly better than thrombolysis 
alone. 

Reperfusion injury. Angioplasty, when applied for 
recanalization therapy in the setting of acute myo- 
cardial infarction, is possibly accompanied by reper- 
fusion injury associated with rapid augmentation of 
coronary blood flow.” Mechanisms of reperfusion 
myocardial injury may include inflow of calcium 
into the mitochondria” or free oxygen radical pro- 
duction, which possibly enhance myocardial cellular 
destruction.” Salutary effects of free radical scaven- 
gers in protecting the ischemic myocardium from 
reperfusion injury were proved in some experiments 
on the canine model, while the beneficial effects 
of radical scavengers were not found in other studies 
that used similar canine models.** Calcium chan- 
nel blockers appear to be effective in preventing 
reperfusion injury by preventive administration 
before coronary ligation but not when given after 
coronary ligation.™ 

The findings obtained in the present study indi- 
cate that coronary reperfusion with a sufficient 
amount of coronary blood flow has beneficial effects 
outweighing the possible reperfusion injury. Coro- 
nary stenosis and mock atheromatous plaque con- 
tinued to exist during reperfusion in group Il, while 
the mock atheromatous plaque was pulled back into 
the branch artery and coronary stenosis was released 
during reperfusion in group I. Therefore the con- 
tinuous production of microthrombi or platelet 
aggregates as peripheral coronary artery emboliza- 
tion might have partly contributed to the larger 
infarct size and to the less remarkable improvement 
in left ventricular function in group II as compared 
to group III dogs due to the multifocal microscopic 
necrosis. This warrants further pathologic 
studies. 

Advantages and limitations of the study. PTCA is 
not indicated in cases with left main coronary artery 
stenosis, in some forms of advanced multivessel 
disease, or in tortuous coronary arteries that do not 
allow balloon catheter access, resulting in possible 
differences in patient populations, whereas experi- 
mental studies can provide uniform conditions for 
each group of subjects. The experimental model 
used in the present study is thought to offer a 
situation similar to myocardial infarction due to 
coronary occlusive thrombus in the clinical setting. 
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Although the coronary thrombolysis and angioplas- 
ty simulated in the model may not be completely the 
same as those performed in clinical cases, the pres- 
ence or absence of residual stenosis or atherosclerot- 
ic plaque following coronary thrombolysis and 
angioplasty appears to be well simulated. 

Evaluation of collateral circulation was not per- 
formed in this study due to the technical limitation 
that in vivo radionuclide studies in larger animals 
are strictly limited because of tight legal restrictions 
in this country. Therefore the number of animals 
studied was increased to cancel out possible varia- 
tions due to variable collateral contributions. 

Intravenous urokinase administration was per- 
formed in the present study because urokinase is 
similar in potency to streptokinase but has fewer 
side effects,® and intravenous administration is 
preferable to the intracoronary route in abbreviating 
the time from infarction to recanalization in the 
clinical setting. Tissue-type plasminogen activator is 
more potent in resolving intracoronary thrombus,‘ 
but the agent appears to be more vulnerable to early 
rethrombosis." 

In conclusion, the results obtained in the present 
study suggest that coronary mechanical recanaliza- 
tion is more effective than coronary thrombolysis in 
protecting ischemic myocardium in the setting of 
acute myocardial infarction, most probably because 
more sufficient coronary blood flow is restored by 
mechanical recanalization than with thrombolysis. 
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‘Acute coronary occlusion occurring after 
successful percutaneous transluminal coronary 
angioplasty: Temporal relationship to 
discontinuation of anticoagulation 


The incidence and prognosis of acute coronary reocclusion occurring after patients had left the 
catheterization laboratory following a successful percutaneous transluminal coronary angioplasty 
(PTCA) procedure and the temporal relation of this event to the discontinuation of systemic 
heparin administration were analyzed in a series of 1238 consecutive patients. Acute - 
reocclusion, 1 to 96 hours after successful PTCA, occurred in 22 of 1238 patients (1.8%). 
Patients undergoing PTCA in the setting of acute myocardial infarction were excluded. Out of 22 
patients, 15 had a nonocclusive dissection and four had evidence of small intracoronary 
thrombus immediately post-PTCA, with no evidence of flow disturbance: Acute reocclusion 
occurred within 5 hours of heparin discontinuation in 12 patients or while they were receiving 
inadequate anticoagulation (four patients). In 16 of 22 (73%) patients, acute reocclusion was 
temporally related to a time of diminished anticoagulation. Redilation was attempted in 14 
patients and was ultimately successful in five patients (36%). Ten patients required coronary 
artery bypass surgery and three patients died. Our findings suggest that acute reocclusion after 
an initially successful PTCA has a poor outcome and seems to be temporally related to the loss 
of effective anticoagulation In most of these patients. It is advisable to discontinue heparin 
infusion at a time when facilities for urgent revascularization are available. (Am Heart J 
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Acute coronary reocclusion after successful percuta- 
neous transluminal coronary angioplasty (PTCA) 


has a reported incidence of 2% to 11%.*” Proposed ` 
mechanisms of acute closure include coronary 7 


spasm, extension of intimal dissection, and -acute 
coronary thrombosis. In two studies” and in two 
brief reports,*° a relationship between the time of 


heparin discontinuation and acute closure was brief- - 


ly noted. We retrospectively examined the. clinical 


course and outcome of 22 patients who experienced ` 


acute reocclusion of a dilated artery after successful 
PTCA and noted the relationship of the timing of 
acute closure to the loss of effective anticoagulation 
with heparin. 
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METHODS — 


Thirteen hundred eighty-seven . patients underwent 
PTCA at St. Louis University from May, 1983, to May, 
1987. One hundred forty-nine patients underwent PTCA 
in the setting of an acute myocardial infarction and were 
excluded from this study. PTCA was performed with a 
steerable catheter systems in the standard fashion, as 
previously described." Al patients were given a 10,000 U 


-. bolus of heparin at the beginning of the procedure. In the 


first 461 patients, additional boluses of heparin during the 


. procedure and the timing, dosage, and duration of heparin 
_ given after PTCA were at the discretion of the attending 


physician. In the remaining patients, an intravenous 
heparin infusion (usually 1,000 U/hr) was. started immedi- 
ately after the bolus was given and was continued until the 
next morning. Partial thromboplastin time (PTT) was 
monitored as clinically indicated. Pre-PTCA medications 
generally consisted of a calcium channel blocker and 
antiplatelet agents. 

Twenty-two patients had acute closure of the success- 
fully dilated coronary artery, defined as the sudden onset 
of angina occurring after the patient left the catheteriza- 
tion laboratory. The patients who developed acute occlu- 
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sion during the PTCA procedure were not included in this 
study. Successful dilation was defined as a less than 50% 
angiographically determined stenosis remaining. Acute 
closure was demonstrated by repeat catheterization or by 
=2 mm acute ST segment changes in the ECG leads 
representative of the dilated vessel. Angiograms taken 
during the PTCA procedure were retrospectively reviewed 
for the presence of intimal dissection or the occurrence of 
thrombus post-PTCA. A dissection was defined as either a 
single, linear radiolucent area with minimal or no persis- 
tence of luminal staining, or a large radiolucent line or 
spiral with more than one tract and persistence of contrast 
material in the vessel wall. Thrombus was defined as 
either a coarse or granular appearance of vessel intima or 
as a well-defined intraluminal filling defect surrounded by 
contrast material without evidence of dissection. 

Angiograms taken immediately post-occlusion were 
reviewed for the causes of acute reocclusion. Acute reoc- 
clusion was defined as due to the extension of dissection if 
an existing pre-PTCA dissection was seen to be clearly 
longer and more complex on the post-occlusion angio- 
grams. Acute reocclusion was defined as due to acute 
thrombosis if thrombus occluded a vessel with no dissec- 
tion present in either pre- or post-occlusion angiograms or 
thrombus clearly occurred distal to a small dissection. The 
cause of acute reocclusion was defined as indeterminate if 
no clear evidence of cause as defined above was present. 
Angiograms were reviewed separately and jointly by two 
experienced cardiologists. 


RESULTS 


Clinical features (Table I). Acute reocclusion of the 
successfully dilated coronary artery after they had 
left the cardiac catheterization laboratory occurred 
in 22 of 1238 patients (1.8%). Fourteen patients 
were men and eight were women. Mean age was 
60 + 11 years. Fifteen patients underwent PTCA 
for unstable angina and seven had the procedure for 
stable angina. Seven of the 15 patients with unstable 
angina had experienced a myocardial infarction 
within 2 weeks prior to their PTCA. At the time of 
PTCA, 16 patients were taking a calcium channel 
blocker, 17 were taking nitrates, and 16 were taking 
antiplatelet agents. The latter were aspirin and 
dipyridamole in nine patients, aspirin alone in four 
patients, and an antiplatelet study drug in three 
patients. In six patients, antiplatelet therapy was 
not given prior to PTCA because of the emergency 
nature of the procedure or because of a history of 
intolerance to aspirin. Mean heparin dosage was 
14,473 + 2,579 U given as a bolus during the proce- 
dure. In 21 of 22 patients, a mean heparin dose of 
995 + 161 U/hr was given as an intravenous drip 
post-PTCA. One patient received heparin only as a 
bolus during the PTCA. 

Review of immediate post-PTCA angiograms 
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Table i. Clinical and angiographic features of 22 patients 
with acute reocclusion after successful PTCA 





Clinical variables No. % 
Age 60 + 11 ~~ 
Male 14 64 
Unstable angina 15 68 
Antiplatelet agents* 16 73 


Angiographic variables 
Occluding vessel 





LAD 14 64 
CX 3 14 
RCA 5 22 
% stenosis 
Pre-PTCA — 78 + 14 
Post-PTCA — 33 + 15 
Post-PTCA morphology 
Nonocclusive dissectiont 15 68 
Residual thrombus only 2 9 
Smooth intima 5 23 
Cause of closure (angiographic appearance) 
Extension of dissection 7 32 
Thrombus 6 27 
Indeterminate 9 41 
CX = circumflex artery; LAD = left anterior descending artery; 


FTCA = percutaneous transluminal coronary angioplasty; RCA = right 
coronary artery. 

*Antiplatelet agents: aspicin and persantine in nine, aspirin alone in four, 
antiplatelet study drug in three. (In six patients antiplatelet therapy was 
not given pre-PTCA because of the emergency nature of the procedure or 
because of a history of incolerance to aspirin.) 

+Two patients with dissection had associated thrombus. 


revealed the presence of thrombus in four patients 
and a dissection in 15 patients. Two patients with a 
dissection had associated thrombus. The angiogram 
at the time of acute closure showed the cause of 
acute closure as extension of dissection in seven 
cases, acute thrombosis in six cases, and indetermi- 
nate in nine cases (Table I). 

The left antericr descending artery acutely closed 
in 14 patients, the circumflex artery closed in three 
patients, and the right coronary artery closed in five 
patients. Acute reocclusion was documented by 
immediate recatheterization in 19 patients and by 
diagnostic ECG changes alone in three patients. 
Acute reocclusion occurred 27 + 25 hours (mean), 
and 18 hours (median) after PTCA (range 1 to 96 
hours). In 12 patients, acute reocclusion occurred 
within 5 hours (mean 2.63 + 1.13 hours) of heparin 
discontinuation. Of six patients experiencing acute 
closure while receiving continuous heparin infusion, 
four had a PTT cf <1.5 times control at the time of 
closure. Thus in 16 of 22 (73%) patients, acute 
reocclusion occurred at a time of diminished antico- 
agulation (Fig. 1). In the six remaining patients, 
acute closure occurred at 81, 40, and 25 hours after 
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Hours After Heparin Discontinuation 


Fig. 1. Occurrence of acute closure and hours after heparin discontinuation. * Six patients were receiving 
heparin infusion at the time of closure. PTT was <1.5 times control in four. 


heparin discontinuation in three, 9 hours after a 
single 10,000 U bolus in one; and at 1 and 3 hours 
post-PTCA while they were receiving adequate sys- 
temic heparinization in two. 

Clinical outcome (Fig. 2). Out of 22 patients, three 
were taken to emergency bypass surgery based on 
clinical presentation and diagnostic ECG changes. 
. Nineteen patients underwent repeat catheteriza- 
tion, three of whom were then taken to emergency 
bypass surgery, one of whom received intracoronary 
streptokinase with reopening of the vessel, and one 
in whom the myocardial infarction was uninterrupt- 
ed. The other 14 patients underwent attempted 
repeat PTCA of the occluded vessel, of which five 
attempts were successful. Of the nine unsuccessful 
attempts at redilatation, four patients later received 
emergency bypass surgery, two had uninterrupted 
myocardial infarction, and three died (one following 
an unsuccessful redilatation attempt and two with a 
second acute reocclusion after successful redilata- 
tion). Thus of 22 patients with acute reocclusion, 20 
suffered a myocardial infarction (uninterrupted in 
three patients), 10 required emergency bypass sur- 
gery, five had successful repeat PTCA, one received 
streptokinase, and three died. 


DISCUSSION 


Acute coronary reocclusion after successful PTCA 
is an infrequent complication that occurred in 1.8% 
(22 of 1238) of our patients. It must be emphasized 
that temporary occlusions during the PTCA proce- 
dure were not included in this group, since we 
believe that reocclusions occurring out of the cathe- 


terization laboratory present a different clinical 
problem. Hollman et al.,’ reporting on the early 
Emory University experience in a series of 985 
patients, as well as Simpfendorfer et al., reporting 
on the Cleveland Clinic series of 1500 patients, both 
noted a 2% incidence. Hutchinson et al.,° in the later 
Emory University experience, noted an incidence of 
1.6%. PTCA in the setting of acute myocardial 
infarction has been associated with a 4% to 15% 
incidence of late reocclusion, both with and without 
concomitant thrombolysis.” 

Acute reocclusion after successful PTCA was 
noted to occur within 5 hours of discontinuation of 
heparin infusion in 12 of our patients, as well as in 
six patients receiving a continuous heparin infusion, 
four of whom had a PTT <1.5 times control. Thus in 
73% of our 22 patients, acute reocclusion was tem- 
porally related to the loss of effective anticoagula- 
tion. Hollman et al.’ noted that acute reocclusion 
occurred within 3 hours of PTCA, during which time 
a bolus of 10,000 to 15,000 U of heparin was given as 
the sole dosage of heparin in 14 of 20 patients. They 
also noted that acute reocclusion occurred within 3 
hours of the discontinuation of heparin infusion in 
three of the six patients given a post-PTCA heparin 
infusion. Thus 17 of 20 patients (85%) in the series 
of Hollman et al.’ had acute reocclusion occurring at 
a time of diminishing anticoagulation. Simpfendorf- 
er et al.! noted acute reocclusion within 6 hours of 
PTCA in 84% (27 of 32) of patients who had 
received 10,000 U of heparin as a bolus infusion at 
the beginning of the procedure. Twelve of these 
patients were receiving an intravenous heparin infu- 
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Fig. 2. Clinical outcome of acute reocclusion after successful percutaneous transluminal coronary 


angioplasty (n = 22). 


sion of unspecified amount without documentation 
of the adequacy of anticoagulation at the time of 
closure. 

The postulated mechanisms of acute reocclusion 
after PTCA include coronary artery spasm, acute 
thrombus formation, extension of intimal dissection, 
and expanding subintimal hematoma.’?*7? Hollman 
et al.” described the occurrence of an intimal tear as 
a predisposing factor for acute occlusion, and noted 
that it occurred in 70% of patients. Simpfendorfer 
et al! noted a significantly greater occurrence of 
intimal tears after PTCA in patients with acute 
occlusion as compared to a control group (78% vs 
34%, p < 0.001), as well as a 16% incidence of 
post-PTCA coronary thrombus as compared to 8% 
occurring in controls (not significant). In the current 
series of 22 patients, the incidence of nonocclusive 
dissection and coronary thrombus on the post- 
PTCA angiogram was 68% and 18%, respectively. 


Occurrence of acute reocclusion at a time of 
diminishing anticoagulation suggests that thrombus 
formation as a primary or secondary event due to 
progressive intimal dissection may be an important 
mechanism. The angiogram does not permit accu- 
rate detection of the mechanism of occlusion in most 
patients. Supporting the importance of loss of effec- 
tive anticoagulation is the prior observations by 
Kern et al.," who reported two patients who devel- 
oped acute occlusion of a dilated vessel within 30 
minutes of successful PTCA. Both patients had 
angiographically demonstrable thrombosis that 
resolved with additional heparin administration. 
Heparin obviated the need for repeat dilatation in 
these patients, both of whom were discharged with- 
out further complications. 

Post-PTCA heparinization for 12 to 24 hours is 
routine in many laboratories. When prolonged 
administration of heparin is used, heparinization 
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occurs in the setting of a large dissection or evidence 
of post-PTCA thrombus formation, One study“ 
attributed a significant decrease in the incidence of 
acute reocclusion, during or within 4 hours of PTCA, 
to 24 hours of full anticoagulation post-PTCA. This 
effect was greatest in patients with preexisting 
angiographically visible thrombus, although it was 
still significant in patients without visible throm- 
bus. 

Acute reocclusion after PTCA that occurs outside 
of the catheterization laboratory is associated with 
poor outcome, primarily due to the time needed to 
mobilize the catheterization laboratory and because 
of the difficulties in obtaining good redilatation. In 
the Cleveland Clinic series,’ of 32 patients with 
acute reclosure, 31 had an attempted redilatation 
that was ultimately successful in 18 patients (56%). 
Thirteen of the 32 patients (41%) required bypass 
surgery post-occlusion. In the Emory University 
series,’ of 20 patients 11 underwent attempted redi- 
latation, of which seven were successful (64%). 
Bypass surgery was required in five patients (25%). 
In our series of 22 patients, redilatation was success- 
ful in 36% of patients in whom it was attempted and 
45% required coronary artery bypass surgery. Two 
out of three patients who died in our series had 
multivessel disease and left ventricular (LV) ejec- 
tion fractions <35%. 

Clinical significance. Our data suggest that the 
timing of acute coronary reocclusion is related to the 
loss of anticoagulation in most of our patients. 
Therefore in patients in whom acute reocclusion of 
the dilated vessel would be catastrophic or in whom 
PTCA has resulted in a nonocclusive dissection or 
residual intracoronary thrombus, we recommend 
that anticoagulation post-PTCA should be discon- 
tinued during a time window in which there are 
medical and surgical facilities available to deal 
quickly with acute, severe myocardial ischemia. 


The authors wish to thank the Mudd Cardiac Catheterization 
Laboratory team for their collaboration and help in data collec- 
tion, and Donna Sander for manuscript preparation. 
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In vivo alterations of high-energy phosphates a 
and intracellular pH during reversible ischemia 
in pigs: A *'P magnetic resonance spectroscopy 


study 


Phosphorus-31 magnetic resonance spectroscopy was used to study the relationship between 
metabolic and functional alterations during acute regional ischemia in vivo. Phosphocreatine, 
adenosine triphosphate (ATP), inorganic phosphate, and intracellular pH (pHi) were monitored in 
11 pigs at 2-minute intervals during 4 and 20 minutes of acute left anterior descending coronary 
artery occlusion followed by 20 minutes of reperfusion. In a parallel series of experiments, 
segment shortening was continuously monitored by sonomicrometry.during the early ischemic 
period. Segment shortening decreased precipitously after coronary occlusion, and systolic 
expansion was noted within 30 seconds. Phosphocreatine levels decreased rapidly and reached 
a minimum value of 44 + 13% (mean + SE) of the control value by 20 minutes of ischemia. 
Ischemia-induced reduction of ATP was small and not statistically significant. Inorganic 
phosphate increased rapidly to a peak level of 158 + 9% of the control value by 4 minutes of 
ischemia. intracellular pH decreased 0.76 + 0.04 units during the initial 10 minutes of ischemia 
and subsequently stabilized. After reperfusion, phosphocreatine, inorganic phosphate, and pHi 
recovery occurred within 4 minutes and was similar in the 4- and 20- minute ischemia groups. 
These results indicate that the changes in high-energy phosphates and pHi observed during both 
4 and 20 minutes of coronary occlusion are rapidly reversible. The temporal course of metabolic 
and functional alterations during early ischemia suggests that if these are causally related the 
decline in contractility is mediated by an increase in inorganic phosphate, a decrease in pHi, or 


both rather than by loss of ATP. (Am Heart J 1988;116:701.) 


S. Albert Camacho, MD, Peter Lanzer, MD, Beau J. Toy, BS, Joel Gober, PhD, 
Mario Valenza, MD, Elias H. Botvinick, MD, and Michael W. Weiner, MD. 


San Francisco, Calif. 


Changes in myocardial metabolism during ischemia 
have been documented in various in vitro experi- 
mental preparations.'* A rapid decrease in phospho- 
creatine (PCr) and intracellular pH (pHi), an 
increase in inorganic phosphate (Pi), and a slow 
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decline in adenosine triphosphate (ATP) have been 
observed during ischemia in in vitro studies of the 
perfused heart. However, the extent to which con- 
clusions drawn from in vitro heart studies of global 
ischemia are valid for in vivo regional myocardial 
ischemia is not known. Hemodynamic relationships, 
neurohumoral factors, collateral coronary circula- 
tion, and differences in oxygen delivery and sub- 
strate availability may modify in vivo biochemical 
and functional relationships. 

To study these questions in vivo, investigators 
have used open-chest preparations to obtain myo- 
cardial biopsy samples during control, ischemia, and 
reperfusion periods.*® Tissue samples are rapidly 
frozen and analyzed by means of conventional bio- 
chemical extraction and assay methods. However, 
because of its destructive nature, this technique is 
limited by the small number of biopsy samples that 
can be obtained from each heart and the small size 
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of each sample. In addition the biopsy procedure 
itself may alter collateral flow, and further hydroly- 


sis of high-energy phosphates may occur before 


complete freezing. 

Recently “=P magnetic resonance spectroscopy 
(MRS) has provided nondestructive serial measure- 
ments of metabolic changes during in vivo regional 
ischemia in the rabbit, cat," and dog. However, 
little data are currently available on the metabolic 
changes during reperfusion after different periods of 
ischemia in an animal model that has coronary 
circulation similar to that of humans. In addition 
the relationship between these metabolic parame- 
ters and the contractile dysfunction caused by ische- 
mia has not been elucidated. Therefore we measured 
high-energy phosphate metabolites and pHi with *P 
MRS during 4 and 20 minutes of in vivo regional 
ischemia and reperfusion in pigs, the coronary circu- 
lation of which is similar to that of humans.“ 
Myocardial contractility was measured by sonomi- 
crometry during the early ischemic period in a 
parallel series of experiments to examine the rela- 
tionship between these metabolic parameters and 
the functional impairment produced by coronary 
ischemia. 


METHODS 


- Surgical preparation. Eleven farm pigs (Landrace- 
Yorkshire crossbreed), weighing 20 to 30 kg were fasted 
for 24 hours before anesthesia was induced with halothane 
(4 vol %) delivered via a nose cone. Venous access was 
established via an ear vein. After endotracheal intubation, 
the animals’ lungs were mechanically ventilated with 
100% oxygen (tidal volume of 10 to 12 ml/kg, rate of 10 to 
12 breaths/min). Anesthesia was maintained with halo- 
thane (0.5 vol %) supplemented by pentobarbital (5 to 10 
mg/kg intravenously) as needed. An arterial catheter was 
placed in the internal carotid artery for hemodynamic 
monitoring and blood gas sampling. A midline sternotomy 
was performed, and the heart was suspended in a pericar- 
dial cradle. The proximal portion of the left anterior 
descending coronary artery (LAD) was isolated, and a 
hydraulic occluder was placed around the vessel distal to 
the first diagonal branch. Transient occlusion of the 
coronary artery was induced, and the ischemic zone 
was identified by the resulting epicardial discolora- 
tion. The MRS surface coil was then placed over the is- 
chemic zone and secured to the myocardium with 
either suture or cyanoacrylate glue (Krazy Glue Inc., 
Itasca, Ill.). The animals were placed in a plastic cradle 
and positioned within the horizontal superconducting 
magnet. r 

Experimental protocol. Hemodynamic parameters (ar- 
terial pressure and heart rate) and arterial blood gases 
were monitored during the surgical preparation and 
throughout the experiment. In each animal the LAD was 
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occluded for periods of 4 and 20 minutes followed by at 
least 20 minutes of reperfusion. To reduce ischemia- and 
reperfusion-induced arrhythmias, bretylium (5 mg/kg 
intravenously) was given before occlusion and reperfusion 
of the LAD. High-grade ventricular arrhythmias were 
treated with either lidocaine (50 mg intravenously) or 
additional bretylium (5 mg/kg intravenously). 

Regional myocardial function of the ischemic zone was 
assessed by sonomicrometry in a parallel series of five 
experiments.” Two ultrasonic crystals were inserted into 
the subendocardium approximately 12 to 18 mm apart. 
The leads of each crystal were connected to a sonomicrom- 
eter (Triton Technology, Inc, San Diego, Calif.). The 
signal was monitored on an oscilloscope (Tektronix, Inc., 
Beaverton, Ore.) and recorded on a Hewlett-Packard 
four-channel strip-chart recorder (Hewlett-Packard Co., 
Andover, Mass.) End-systolic and end-diastolic lengths 
(SL, DL) were determined at baseline and continuously 
during the first 4 minutes of ischemia. Measurements of 
segment length were normalized to a control end-diastolic 
length of 10 mm according to the method of Theroux et 
al. The percentage of systolic shortening (%SS) was 
calculated by means of the following equation: 
%SS = DL —SL/DL. 

31P MRS data acquisition. “P MRS for the first three 
experiments was performed with a 2.0 tesla (T) General 
Electric CSI 30 cm bore spectrometer interfaced to a GE 
1280 computer and a 293E pulse programmer. Subsequent 
experiments were performed on a Philips Gyroscan 1 m 
bore MRI/MRS system (Philips Medical Systems, Inc., 
Shelton, Conn.) operating at 1.5 T (phosphorus frequency 
of 25.89 MHz). For B, magnetic field transmission and 
signal acquisition, a 2 cm internal diameter, single-turn, 
fixed-tuned, and double-balanced copper surface coil was 
used. The coil was mounted on a 2 mm thick polyvinyl 
chloride disk containing a groove into which a capillary 
tube filled with methylphosphonic acid was inserted. To 
prevent contact with blood or moisture, a liquid insulator 
(Dow Corning, Midland Mich.) was placed around the 
surface coil. 

A one-pulse sequence was used to acquire 2048-point 
spectra in 2-minute blocks. The pulse length was 50 usec 
with an interpulse interval of 1 second and a sweep width 
of +2000 Hz. The NMR 1 program operating on a DEC 
730 computer was used for signal processing. The spectra 
were processed by means of exponential multiplication 
with a line broadening of 10 Hz. Baseline correction was 
accomplished via a finite automaton algorithm. Peak 
position and heights were determined by the peak-analy- 
sis subroutine. All peak heights were normalized to meth- 
ylphosphonic acid. Normalization allowed comparison of 
block-averaged and non—block-averaged spectra. 

To assess the changes in relative concentrations of 
phosphorus-containing metabolites, peak heights of Pi, 
PCr, and 6-ATP were determined from 2-minute spectra 
during control, ischemia, and reperfusion periods. Initial 
analysis of data suggested that significant changes in 
metabolite concentrations do not occur after 4 minutes of 
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ischemia or reperfusion. Therefore spectral data from 4 to 
10 minutes and 10 to 20 minutes of ischemia or reperfu- 
sion were totaled to improve the signal-to-noise ratio. 
Changes in individual peak heights were calculated as 
percentages of their respective control values and are 
reported at the midpoint of the acquisition period. 
Because the data are presented in reference to control 
values, partial saturation does not significantly affect the 
results. At baseline, overlap between Pi, 2,3-diphospho- 
glycerate (DPG), and myocardial phosphomonoester reso- 
nances precluded unequivocal definition of the Pi peak. 
During ischemia the pH-induced shift and increased peak 
intensity of Pi enabled more accurate characterization of 
this peak. 

To assess the ischemia and reperfusion-induced 
changes in pHi, the chemical shift of the pH-dependent Pi 
peak (ĉo) relative to the pH-independent PCr peak"? was 
determined. Intracellular pHi was then calculated from 
the chemical shift data and Pi titration curve by the 
following equation: 


5, = ôg 

Òa = o 
where 6, = 3.10 ppm, ôs = 5.75 ppm, and pK = 6.60." 

Statistical analysis. Results are reported as mean + 

SEM. Observed differences between: control measure- 
ments and values obtained during ischemia and reperfu- 
sion were evaluated by repeated-measures analysis of 
variance. Differences between 4- and 20-minute ischemia 
groups were analyzed by two-factor unbalanced analysis 
of variance. The null hypothesis was rejected at the 5% 
confidence level. Statistical analysis was done by means of 
a commercially available statistics program (StatView 
512+, Brain Power, Inc, Calabasa, Calif.) on a MacIntosh 
SE microcomputer (Apple Computer, Inc, Cupertino, 
Calif.). 


RESULTS 


Hemodynamic and functional changes during 4 and 
20 minutes of regional ischemia followed by reperfu- 
sion 

Arrhythmias. In spite of prophylactic intravenous 
bretylium and lidocaine, serious rhythm distur- 
bances resulting in death developed in five animals. 
Two animals died during the ischemic period; one at 
6 minutes and the other at 10 minutes after coronary 
occlusion. Three animals in the 20-minute ischemia 
group died within 2 minutes of reperfusion. When 
compared to animals without lethal arrhythmias, no 
significant differences in hemodynamic parameters, 
high-energy phosphate levels, or pHi were noted in 
animals that died of acute ventricular arrhythmias. 
Results obtained during these experiments before a 
drop in mean arterial blood pressure were therefore 
included in the data analysis. 

Hemodynamic parameters. No statistically sig- 





pHI = pK — log,, 
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Fig. 1. Myocardial contractility expressed as %SS vs 
time during initial 2 minutes of total LAD occlusion 
(N = 5). (Values are mean + SEM; *indicates p < 0.05 
when compared to control values.) 


nificant hemodynamic changes were noted in either 
the 4- or 20-minute ischemia group. Mean heart rate 
of all animals was 96 + 5, 96 + 5, and 98 + 6 beats/ 
min during control, ischemia, and reperfusion peri- 
ods respectively. Arterial blood pressure did not 
change significantly during ischemia or reperfusion 
(108/76 + 5/5, 98/73 + 4/4 mm Hg, 110/82 + 7/9 
mm Hg for control, ischemia, and reperfusion peri- 
ods, respectively). 

Myocardial function. Regional contractility was 
evaluated by sonomicrometry in a parallel series of 
five experiments. %SS during the initial 2 minutes 
of ischemia is shown in Fig. 1. Systolic shortening 
decreased from a baseline value of 11 + 3 to -0.6 + 
2% by 15 seconds of ischemia. Systolic expansion 
was observed within 30 seconds in all experiments 
and reached a value of —4.4 + 1.7% at 2 minutes of 
ischemia. 

Metabolic changes during 4 and 20 minutes of region- 
al ischemia l 

High-energy phosphate metabolites. Representa- 
tive results of *P MRS obtained from the left 
ventricular myocardium during control, regional 
ischemia, and reperfusion periods are shown in Fig. 
2. During the control state, mean PCr/ATP ratio 
was 2.37 + 0.14 in partially saturated spectra (1- 
second repetition rate). Since the T, of PCr is longer 
than that of ATP, this value represents the lower 
limit of true PCr/ATP. After LAD occlusion, rapid 
changes in PCr and Pi levels were observed (Fig. 3). 
PCr fell to 59 =6% of the control value by 2 
minutes of ischemia. Mean PCr levels did not 
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Fig. 2. Representative “P MR spectra of pig left ventric- 
ular myocardium during control period (a), 10 minutes of 
ischemia (d), and 10 minutes of reperfusion (c). Control 
spectrum is 6-minute block average of 360 acquisitions, 
and both ischemia and reperfusion spectra are 4-minute 
block averages of 240 acquisitions each. 


change significantly after 4 minutes of ischemia and 
reached a minimum value of 44+ 13% of the 
control value by 20 minutes of ischemia. Inorganic 
phosphate increased to a peak level of 158 + 9% of 
the control value by 4 minutes of ischemia and 
showed no further significant change during the 
remaining ischemic period. In contrast mean ATP 
level tended to fall with ischemia, but this decrease 
was not statistically significant when compared to 
the control value (Fig. 3). 

` Intracellular pH. The change in the chemical 
shift of Pi and the calculated pHi values during 20 
minutes of ischemia are shown in Fig. 4. Intracellu- 
lar pH decreased 0.76 + 0.04 units during the first 
10 minutes of ischemia. No further significant 
changes in pHi were noted during the period of 
ischemia. ` 
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Fig. 3. Pi, ATP, and PCr values reported as percentages 
of control values and plotted as function of time during 20 
minutes of LAD occlusion. (Values are mean + SEM; 
*indicates p < 0.05 when compared to control values). 
Data are reported at midpoint of acquisition period. 
Number of observations are 12 for control period, 11 for 1 
minute, 12 for 2 minutes, 8 for 7 minutes, and 5 for 15 
minutes of ischemia. 


Metabolic changes during reperfusion 

High-energy phosphate metabolites. After 4 
minutes of ischemia reperfusion resulted in a return 
to baseline PCr levels by 2 minutes (Fig. 5). In half 
of the experiments, a PCr overshoot ranging from 
116% to 150% of the control value was observed. Pi 
rapidly returned to baseline within 2 minutes of 
reperfusion and reached a minimum level of 102 + 
12% at 4 minutes of reperfusion. ATP remained 
essentially unchanged during reperfusion (Fig. 6). 

After 20 minutes of ischemia, there was a trend 
toward delayed recovery of PCr that did not reach 
statistical significance (Fig. 5). PCr overshoot was 
not observed. Pi returned to baseline within 2 
minutes of reperfusion and reached a value of 
87+7% by 20 minutes of reperfusion. During 
reperfusion there was a trend toward lower levels of 
ATP in the 20-minute ischemia group when com- 
pared to the 4-minute ischemia group but this 
difference did not reach statistical significance 
(Fig. 6). 

Intracellular pH. Inorganic phosphate peak dis- 
persion during reperfusion made it difficult to assign 
a chemical shift value to this resonance resulting in 
large variations among individual experiments (Fig. 
7). The standard error of this measurement was 
approximately two to three times greater during 
reperfusion when compared to ischemia values. 
However, the group data show that mean pHi 
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Fig. 4. Chemical shift of Pi expressed as parts per mil- 
lion (ppm) plotted vs time during 20 minutes of LAD 
occlusion. PCr resonance was assigned a value of 0 ppm. 
Calculated pHi values are listed in parentheses above 
respective ppm value. (Values are mean + SEM; *indi- 
cates p < 0.05 when compared to control values.) Data are 
reported at midpoint of acquisition period. Number of 
observations and symbols are as noted in Fig. 3. 
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Fig. 5. PCr levels plotted vs time during 20 minutes of 
reperfusion after 4- and 20-minute periods of ischemia. 
Number of observations at each reperfusion point is four 
for 4 minutes of ischemia and three for 20 minutes of 
ischemia. (Values are mean + SEM; *indicates p < 0.05 
when compared to respective final ischemia value.) Data 
are reported at midpoint of acquisition period. 


returned to baseline within 4 minutes of reperfusion 
in both the 4- and 20-minute ischemia groups. 


DISCUSSION 


This study shows that acute in vivo regional 
ischemia causes a rapid decrease in PCr and pHi and 
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Fig. 6. ATP levels plotted vs time during 20 minutes of 
reperfusion after 4- and 20-minute periods of ischemia. 
Number of observations and symbols as in Fig. 5. Data are 
reported midpoint of acquisition period. 


= 4 min ischemia 
=- 20 min ischemia 


chemical shift (PPM) 





0 4 8 12 16 20 
minutes of reperfusion 


Fig. 7. Chemical shift of Pi expressed as parts per mil- 
lion (ppm) plotted vs time during 20 minutes of reperfu- 
sion after 4- and 20-minute periods of ischemia. Number 
of observations and symbols as in Fig. 5. Data are reported 
at midpoint of acquisition period. 


a rapid increase in Pi. However, only a small reduc- 
tion in ATP occurs during 20 minutes of ischemia. 
Regional myocardial dysfunction characterized by 
holosystolic expansion occurs within 30 seconds of 
ischemia in the presence of near-normal levels of 
ATP and significant residual concentrations of PCr. 
Therefore the temporal course of metabolic and 
functional alterations during early ischemia suggests 
that if these are causally related, the decline in 
contractility is mediated by increases in Pi, H+, or 
both rather than by loss of ATP. The reperfusion 
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data show that recovery of PCr, Pi, and pHi occurs 
rapidly and is similar after 4- and 20-minute periode 
of ischemia. 

The role of high-energy phosphates and pHi in con- 
tractile failure. The mechanisms responsible for con- 
tractile dysfunction after myocardial ischemia 
remain poorly understood. The major factors postu- 
lated to play a causal role in the development of 
early ischemic contractile failure are: (1) a decrease 
in cellular energetic status as expressed by ATP 
levels or free energy change of ATP hydrolysis," ° 
(2) metabolic inhibition resulting from an abnormal 
accumulation of important metabolites such as Pi or 
H+,” (8) mechanical inhibition resulting from a 
decrease in perfusion pressure leading to reduced 
myocardial fiber stretch and tension development 
(also known as the erectile effect), and (4) excita- 
tion-contraction uncoupling.” 

` Therefore one goal of this study was to determine 
whether temporal changes in ATP, Pi, or H+ corre- 
late with impairment of myocardial function during 
in vivo ischemia. Our data show that contractile 
failure occurs in the presence of a 13% reduction 
(not statistically significant) in the levels of ATP 
suggesting that ATP depletion is not a causal factor 
in impairment of ischemic function. These results 
should be compared with the findings of Guth et 
al., who recently used *P MRS to correlate altera- 
tions in metabolism and function’ during 17 minutes 
of LAD occlusion in dogs. They reported abnormal 
segment shortening that was associated with a mean 
reduction in ATP of 26%. Stein et al." also used **P 
MRS to measure a 20% decrease in ATP within 20 
minutes LAD occlusion in the cat. In contrast 
Malloy et al. noted a more severe (50%) reduction 
in ATP by 20 minutes of ischemia in a rabbit model 
of LAD occlusion. This may reflect a species differ- 
ence and is most likely related to the faster heart 
rate of rabbits, a larger ischemic zone in relation to 
total myocardial mass, or both. 

Compartmentalization of ATP within the cyto- 
plasm has been postulated to explain the lack of 
correlation between contractility and ATP levels. 
According to this hypothesis, ischemia results in a 
significant decrease in ATP only in a crucial cellular 
compartment. However, compartmentalization of 
ATP has been difficult to demonstrate experimen- 
tally. The free energy change in ATP hydrolysis and 
the cytoplasmic phosphorylation potential have 
been suggested as more sensitive indices of cellular 
` energetics and therefore important in regulating 
myocardial respiration and contractility. We 
were unable to calculate these indices in our experi- 
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ments because of overlapping chamber blood 2,8- 
DPG resonances that make definition and quantita- 
tion of Pi peak difficult (see study limitations). 
However, experimental evidence from skinned myo- 
cardial fibers suggests that a fall in free energy 
change of ATP hydrolysis is not the direct cause of 
reduced force production.» ” 

In contrast to ATP, the rapid and significant 
changes in Pi and pHi that we observed during early 
ischemia correlate well with the rapid deterioration 
in contractility. This finding is consistent with the 
hypothesis that accumulation of Pi, H+, or both 
plays an important role in modulating contractile 
failure during early ischemia.” Jacobus et al.” have 
shown a tight coupling between pHi and contractile 
function during respiratory acidosis in the normal 
heart. However, during ischemia the degree of acido- 


_ sis and its temporal evolution could not fully 


account for the early contractile dysfunction. Herzig 
and Ruegg” and more recently Kentish” have shown 
that increased Pi leads to a reduction in myocardial 
fiber calcium sensitivity and exerts a significant 
inhibitory effect on calcium-activated tension in 
skinned cardiac fibers. In our current experiments, 
time resolution was inadequate to measure metabol- 
ic changes during the first few seconds of ischemia. 
Further studies are required to more rigorously test 
this hypothesis and determine whether the increase 
in Pi, in H+, or both occurs rapily enough to account 
for the earliest contractile dysfunction observed 
during ischemia. 

Comparison of in vivo ĉ'P MRS and myocardial biopsy 
studies. Metabolic derangements associated with 
regional ischemia have also been evaluated by bio- 
chemical analysis of tissue obtained by myocardial 
biopsy at various intervals of ischemia and reperfu- 
sion. Measured decreases in PCr and ATP are 
generally greater in studies that use the myocardial 
biopsy technique when compared to ®P MRS mea- 
surements. Reductions in PCr and ATP to 15% to 
20% and 58% to 75% of baseline, respectively, have 
been reported in transmural biopsy samples taken 
after 12 to 15 minutes of ischemia.”® Even greater 
reductions in ATP have been observed in endocardi- 
al biopsy samples.*® The difference between ™P 
MRS and tissue sample measurements is most likely 
the result of the fact that the biopsy technique 
samples a very small amount of tissue taken from 
the center of the ischemic zone.’ In contrast the *P 
MRS experiment examines a larger more heteroge- 
neous ischemic region encompassing both transmu- 
ral and lateral gradients of high-energy phosphate 
metabolites. Also some loss of high-energy phos- 
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phates may occur before complete freezing in the 
biopsy studies. 

Comparison of in vivo **P MRS and perfused heart 
studies. Isolated perfused heart preparations have 
been extensively used for =P MRS evaluation of 
changes in metabolite levels and pHi during global 
ischemia.** In general reductions in ATP and PCr 
observed during these experiments are greater when 
compared to in vivo studies. This most likely reflects 
the severe and uniform ischemia induced during 
global ischemia resulting from absence of collateral 
blood flow. 

Study limitations. Important limitations of in vivo 
aP MRS are low sensitivity and difficulty in obtain- 
ing spectra from a localized myocardial region. P 
MRS signal strength is a function of magnetic field 
strength (B,), the size of the sampling region, and 
the number of acquisitions that are signal aver- 
aged. In this study, =P MRS parameters were 
chosen that would enable the acquisition of mini- 
mally saturated spectra, with adequate signal-to- 
noise ratio, in a relatively short time (2 minutes). 
However, background noise was not trivial, which 
complicated spectral analysis and contributed to 
data variability. 

In this study spectral localization was accom- 
plished by using a surface coil for signal acquisition. 
By placing the surface coil directly over the ischemic 
region, signal contamination from nonischemic myo- 
cardium was avoided. However, with the one-pulse 
technique used in this study it is not possible to 
separate signals obtained from discrete myocardial 
depths. Therefore signals are obtained from myocar- 
dium and chamber blood. Measurements of myocar- 
dial PCr and ATP are not significantly affected, 
since blood contains no PCr and only minute quan- 
tities of ATP.” However, as previously noted, con- 
tamination from chamber blood 2,3-DPG makes 
definition and quantitation of the Pi peak difficult 
during control conditions. Because pHi is deter- 
mined from the resonance position of the Pi peak, 
baseline pHi measurement is also confounded. Oth- 
er investigators have reported in vivo “P MRS- 
derived baseline pHi values of 7.23 to 7.39, ” which 

„are significantly higher than values for perfused 
heart,” skeletal muscle,” and brain.* The raises the 
possibility that previously reported baseline values 
are spuriously elevated by the overlapping 2,3-DPG 
resonance. During ischemia, the Pi peak increases in 
intensity and shifts upfield as a result of changes in 
pH, thus enabling more accurate characterization of 
this peak and accurate calculation of pHi. Our 
laboratory is currently developing pulse sequences“ 
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that will enable the acquisition of spectra at discrete 
depths from the surface coil. This will allow exclu- 
sion of chamber blood signal and may permit accu- 
rate determination of baseline pHi. 

Conclusions. We conclude that acute regional is- 
chemia is associated with a rapid decrease in PCr 
and pHi and a rapid increase in Pi. Mechanical 
function deteriorates soon after coronary occlusion 
and is essentially absent in the presence of near- 
normal levels of ATP. This finding is consistent with 
the hypothesis that increased levels of Pi, H+, or 
both, but not ATP, are important factors in modu- 
lating the rapid deterioration of contractility that 
cceurs during ischemia. Following reperfusion after 
both 4 and 20 minutes of ischemia, PCr, Pi, and pHi 
recover to preischemic levels within 4 minutes. 
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Dietary fish oil prevents ventricular fibrillation 
following coronary artery occlusion and 


reperfusion 


Coronary artery occlusion and reperfusion in the anesthetized rat was used as a whole animal 
model of arrhythmia and sudden cardiac death to examine the influence of long-term dietary lipid 
modulation of myocardial membrane fatty acids on the development of cardiac arrhythmias. 
Feeding rats a diet supplemented with tuna fish oll significantly reduced the incidence and 
severity of arrhythmias, preventing ventricular fibrillation during both occlusion and reperfusion. 
Dietary sunflower seed oil reduced arrhythmias during occlusion but not in reperfusion. Dietary 
sheep fat significantly Increased the severity of arrhythmias. These results indicate that dietary 
fat can modify the vuinerabllity of the myocardium to arrhythmic stimuli. The efficacy of tuna fish 
oil in reducing vulnerability to both ischemic and reperfusion arrhythmias suggests a potential 
beneficial effect of dietary n-3 fatty acids in addition to their influence on hemostasis, plasma 
lipids, and atherosclerosis that may contribute to their proposed role In lowering cardiovascular 


disease mortality and morbidity. (Am Heart J 1988;116:709.) 


Peter L. McLennan, PhD, Mahinda Y. Abeywardena, PhD, and 
John S. Charnock, DSc. O’Halloran Hill, SA, Australia 


The often unpredictable nature of sudden cardiac 
death from ventricular fibrillation makes it not very 
amenable to prophylactic drug therapy.'* The 
marked influence of dietary lipids on the fatty acid 
composition of mammalian cardiac and other cell 
membranes is well documented,‘* and cell function 
in turn can clearly be modified by altered membrane 
composition.’ Therefore an alternative nonpharma- 
cologic means of modifing the risk of arrhythmias 
and sudden cardiac death may be available in the 
form of dietary intervention. 

Laboratory studies®**° have already shown that 
diets rich in linoleic acid (18:2 n-6)* can reduce the 
susceptibility to arrhythmias induced by catechol- 
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*The notation used for polyunsaturated fatty acids, e.g., 18:2, n-6 for 
linoleic acid, indicates the total number of carbon atoms in the fatty acid 
chain (18): the number of double bonds (2), and the number of carbon 
atoms (n-6) between the terminal methyl group and the double bond 
closest to it. Fatty acids are not naturally interconverted between n-6, n-3, 
or other n-families. 


amine stress or coronary artery occlusion. This type 
of diet is associated with an increase in the ratio of 
n-6/n-3 long-chain polyunsaturated fatty acids in 
myocardial membrane phospholipids.* 5" Converse- 
ly, a diet supplemented with saturated animal fat 


_increases the proportion of n-3 polyunsaturates in 


myocardial membranes, thus lowering the n-6/n-3 
ratio,+“ and has been found to increase arrhythmic 
susceptibility." It has been suggested that the 
ratio of these two important families of polyunsatu- 
rated fatty acids may relate inversely to the suscep- 
tibility to arrhythmogenic stimuli. However, a very 
rich source of long-chain n-3 polyunsaturated fatty 
acids is fish oil, which has generated much recent 
interest as a dietary factor with apparent beneficial 
effects on morbidity and mortality from coronary 
heart disease.+ 5 ex 
Much attention has been paid to the influence of 
fish oil on hemostasis, plasma lipids, and atheroscle- - 
rosis,’*” but the n-3 polyunsaturates in fish oil are 
also actively taken up by the heart, resulting in 
considerable modification of myocardial membrane 
composition®* and reduction of the n-6/n-3 ratio. 
Little data are available concerning direct effects of 
fish oil on myocardial function, and while a few 
reports of effects of fish oil on arrhythmogenesis are 
conflicting, they include no examination of ventricu- 
lar fibrillation under conditions that may relate to 
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sudden cardiac death such as myocardial ischemia 
during coronary artery occlusion. 

Ventricular fibrillation can result not only from 
ischemia following occlusion of a coronary artery, 
but also from the sudden restoration of blood flow to 
an acutely ischemic region of myocardium.” Reper- 
fusion-induced fibrillation may be an important 
contributor to sudden cardiac death,' *” and labo- 
ratory studies suggest that reperfusion arrhythmias 
are etiologically different from those occurring dur- 
ing occlusion, with different pharmacologic inter- 
ventions being effective in each situation.” 

There appear to be no studies that report the 
influence of dietary lipids on the important and 
etiologically different reperfusion-induced arrhyth- 
mias. Thus the present study was designed to inves- 
tigate the importance of the n-6 and n-3 polyunsat- 
urated fatty acid content of myocardial membranes 
in determining arrhythmic vulnerability and to com- 
pare the relative influences of dietary fat types on 
the generation of arrhythmias during acute myocar- 
dial ischemia and coronary reperfusion. 


METHODS 


Forty-four male Hooded Wistar rats initially weighing 
128 + 2 gm (mean + SEM) were randomly assigned to 
four experimental groups. One group was fed a standard 
commercial laboratory diet (Milling Industries, Adelaide, 
Australia) that contained 4% (percent weight in 
weight [w/w]) total fat of mixed animal and vegetable 
origin (incorporating 33% 18:2 n-6) and served as an 
age-matched reference (REF) group for this study. The 
other three experimental groups received the standard 
diet supplemented by the addition of a further 12% (w/w) 
sunflower seed oil (SSO) (the SSO diet incorporated 58% 
18:2 n-6) (Nuttelex Pty. Ltd., Melbourne, Australia), or 
12% (w/w) sheep perirenal fat (SF) (the SF diet incorpo- 
rated 8% 18:2 n-6 and 57% saturated fatty acids), or 12% 
(w/w) tuna fish oil (TFO) (the TFO diet incorporated 9% 
18:2 n-6, 6% 20:5 n-8, and 17% 22:6 n-3) (Safcol Seafoods 
Pty. Ltd., Adelaide, Australia). The preparation, composi- 
tion, and energy content of these diets have previously 
been described*® in detail, as have their effects upon 
myocardial membrane phospholipid fatty acid composi- 
tion after similar periods of feeding. All diets provided 
sufficient essential fatty acids (EFA) to sustain normal 
healthy growth in these animals and were above the 
minimum levels reported to be necessary to avoid EFA 
deficiency in male rats.” Butylated hydroxy toluene (final 


concentration 0.05%) was added to prevent oxidation of . 


long-chain polyunsaturates. The diets were prepared in 
small batches and were kept at 4° C until required for 
daily feeding. The TFO diet was kept at —20° C and was 
thawed daily in the amounts required. The dietary vita- 
min E level was controlled by supplementing the TFO and 
SF diets to the same final concentration as the SSO diet 
(30 IU/kg). 
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Because previous experiments in this laboratory have 
shown that the susceptibility to arrhythmogenic stimuli is 
strongly age-related, the animals were maintained on the 
above diets for 12 months prior to experimental interven- 
tion. Two rats died during the feeding period, leaving 
group sizes with final body weights (mean + SEM) as 
follows: REF, n = 11, 516 + 9 gm; SSO, n = 10, 512 + 23 
gm; SF, n= 11, 537 + 9 gm; and TFO, n= 10, 566 + 9 
gm. 

The surgical technique was a modification of that first 
described by Selye et al.” and as used extensively for the 
production of ischemia, arrhythmias and infarction and 
for the assessment of antiarrhythmic therapies. ™ The 
rats were anesthetized with pentobarbital sodium (60 
mg/kg™ intraperitoneally) and were prepared for artificial 
ventilation, blood pressure, heart rate, and arrhythmia 
monitoring as previously described.” 

The chest was opened by left thoracotomy and the 
fourth rib was sectioned approximately 2 and 7 mm from 
the sternum. Artificial ventilation was begun immediately 
with room air, using a volume of 1.8 ml/100 gm™ and a rate 
of 62 strokes/min~. The pericardium was opened and the 
heart was exteriorized with a scoop spatula and the 
application of gentle pressure on the right chest wall. A 6-0 
braided silk suture attached to a 12 mm atraumatic taper 
needle (Vascular 1153-11, Davis and Geck, Cyanamid, 
Gosport, Gt. Britain) was placed under the left anterior 
descending coronary artery as described by Selye et al.” 
The heart was replaced in the chest and the animal was left 
to recover for 15 minutes. The suture was drawn through a 
3 mm length of polyethylene tubing (3.0 mm outer 
diameter) that was placed in contact with the heart. The 
artery was occluded by applying tension to the ligature and 
the tension was maintained by drawing the ligature down a 
slit in the side of the tubing. Reperfusion was achieved by 
releasing the tension on the ligature. 

Reperfusion arrhythmias in the anesthetized rat were 
documented in detail by Kane et al.” in a study that 
demonstrated that vulnerability to the most severe 
arrhythmias is greatest after a 5- or 15-minute occlusion. 
Ischemic arrhythmias too are most pronounced in the first 
15 minutes after coronary artery occlusion, after which 
time they subside. Thus in the present study, a 15- 
minute period of occlusion was selected to permit exami- 
nation of both occlusion and reperfusion arrhythmias in 
the same animal, and the incidence and duration of those 
arrhythmias observed in REF animals were in close 
agreement with findings previously reported.” Monitoring 
was continued for 10 minutes after reperfusion, by which 
time surviving animals had returned to normal sinus 
rhythm. 

The electrocardiogram (ECG) was recorded at a chart 
speed of 10 mm/sec and sometimes at 50 or 100 mm/sec to 
clarify the absence of any P wave in ventricular arrhyth- 
mias. Ventricular tachycardia (VT) was assessed as four or 
more consecutive beats of similar morphology with no 
preceding P wave and with a basic cycle length at least 
20% less than that of prevailing complexes. Ventricular 
fibrillation (VF) was assessed as chaotic morphology of 


Volume 116 
Number 3 


Dietary lipids and cardiac arrhythmias 711 


VENTRICULAR TACHYCARDIA 





(occlusion) 

75 a 100 
~ aoe Key Lu 
W haka 2 
z 50 —*— a 
2 H 

© 
= = 
< 50 H 
g > 
a 29 R% 
i R | 
> RSS > 

0 REF SSO SF TFO 0 





Fig. 1. Incidence and duration of episodes of ventricular tachycardia (VT) during 15-minute coronary 
artery occlusion and the influence of dietary lipid supplementation. In panel a the column height indicates 
the mean (+SEM) total duration (in seconds [s]) of VT episodes within the 15-minute occlusion period 
recorded in those animals in which such episodes occurred (i.e., zero values ignored). Panel b shows the 
percentage of animals exhibiting VT in each group. n = 11 (REF, SF) or n = 10 (SSO, TFO). In panel a, x 
signifies significant difference, p <0.01 (ANOVA, Scheffé’s test). In panel b,x signifies significant 
difference, p < 0.01 (x? test). + signifies insufficient number of episodes for statistical comparison. 
REF = age-matched reference group; SF = sheep fat diet group; SSO = sunflower seed oil diet group; 


TFO = tuna fish oil diet group. 


the repetitive complexes for at least four cycles accompa- 
nied by a precipitous drop in blood pressure and a loss of 
pulse. No attempt was made artifically to reverse episodes 
of VT or VF. 

Arrhythmias were assessed separately during occlusion 
and reperfusion by counting the number of ventricular 
extra beats (VEBs) and the incidence and total duration 
of all episodes of VT and VF. In addition, severity of 
arrhythmias was assessed quantitatively by an “arrhyth- 
mia score” on a hierarchical scale of 0 to 9 during 
occlusion, as most recently described by Curtis et al., and 
during reperfusion using a slightly modified version of this 
scale, taking into account the shorter time course of 
reperfusion arrhythmias as follows: 0 = 0 to 49 VEBs only; 
1 = 50 to 249 VEBs; 2 = 250+ VEBs and/or one episode of 
VT or VF; 3 = more than one episode of VT and/or VF, 
less than 20 seconds total combined duration; 4 = VT 
and/or VF, 20 to 59 seconds duration; 5 = VT and/or VF, 
60 seconds+ duration; 6 = fatal VF starting 5 minutes+ 
after reperfusion; 7 = fatal VF starting between 2 and 5 
minutes after reperfusion; 8 = fatal VF 20 seconds to 2 
minutes after reperfusion; 9 = fatal VF starting within 20 
seconds of reperfusion. The arrhythmia score represents 
the incidence and severity of arrhythmia quantified in a 
single measure, which is of particular value in aiding 
statistical evaluation where a low incidence of VT and/or 
VF precludes comparisons of duration of episodes. 


Ten minutes post-reperfusion the animal was killed by 
anesthetic overdose. The heart was rapidly excised and 
perfused (Langendorff technique) with Krebs-Henseleit 
solution at room temperature to remove all blood. The 
artery was reoccluded and a bolus of 0.1 ml malachite 
green dye (2% weight/volume [w/v]) was injected into the 
aorta to differentiate the perfused (green) from the under- 
perfused (pink) region by dye exclusion. The underper- 
fused region was cut aut, blotted dry, and weighed to 
determine the zone at risk (z/r) as a percentage of total 
ventricular wet weight. 

Statistics. Comparisons were made between dietary 
groups with an analysis of variance (ANOVA), with 
Schetfé’s method of multiple comparisons between paris.* 
The influence of dietary fat on the incidence of VT and 
VF was analyzed by means of the chi square test. 


RESULTS 


Effect of ischemia and reperfusion on cardiac rhythm. 
In age-matched REF-fed rats, ischemia induced by 
coronary artery occlusion caused a characteristic 
increase in the size of the R wave of the ECG, 
elevation of the ST segment, and evoked arrhyth- 
mias that began within 2 to 4 minutes and reached a 
peak within 8 to 12 mirutes of occlusion. In addition 
to isolated VEBs that occurred in all animals, 
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Fig. 2. Incidence and duration of episodes of ventricular fibrillation (VF) during 15-minute coronary 
artery occlusion and the influence of dietary lipid supplementation. In panel a the column height indicates 
the mean (+SEM) total duration (in seconds [s]) of VF episodes within the 15-minute occlusion period 
recorded in those animals in which such episodes occurred (i.e., zero values ignored). Panel b shows the 
percentage of animals exhibiting VF in each group. n = 11 (REF, SF) or n= 10 (SSO, TFO). * signifies 
significant difference, p < 0.05 (x? test). + signifies insufficient number of episodes for statistical 


comparison. Abbreviations as in legend to Fig. 1. 


episodes of VT were observed in most animals 
(90%), which in 37% progressed into VF. The 
overall duration (Figs. 1 and 2, panel a) of all 
episodes of VT and VF and the percentage of 
animals having such episodes (Figs. 1 and 2, panel b) 
during 15 minutes of coronary artery occlusion are 
graphically presented in Figs. 1 and 2. 

Upon release of the occlusion, coronary artery 
reperfusion evoked arrhythmias that occurred with- 
in 10 to 20 seconds and were usually of less than 2 
minutes’ duration, whereupon normal sinus rhythm 
was regained in all REF-fed animals. In this brief 
period, the incidence of VT (90%) and progression 
to VF (87%) was the same as that observed over the 
full 15 minutes of occlusion. The incidence and 
duration of VT and VF that occurred upon reperfu- 
sion are shown in Figs. 3 and 4, respectively. 
Rapid restoration of ECG size and form also sig- 
naled successful reperfusion of the ischemic 
region. 

Effect of dietary lipids on occlusion-induced arrhyth- 
mias. The effects of long-term dietary supplementa- 
tion with SF, SSO, and TFO on the incidence and 
duration of VT and VF during coronary occlusion 
are shown in Figs. 1 and 2, respectively. Successful 


occlusion was achieved in all animals, as signaled by 
the characteristic ECG changes that were observed 
in REF animals and by the occurrence of ventricular 
arrhythmias. The severity of arrhythmias occurring 
during occlusion was significantly increased in ani- 
mals fed the SF-supplemented diet. This was 
revealed as a 65% increase in the mean total dura- 
tion of VT episodes (Fig. 1, a) and an increased 
incidence of VF (Fig. 2, b). 

Both the SSO and TFO dietary groups demon- 
strated significant reductions in the severity of 
arrhythmias occurring during coronary artery occlu- 
sion. Those rats fed the n-6 fatty acid-enriched SSO 
diet exhibited a similarly high incidence of VT 
during coronary artery occlusion to that observed in 
the REF- or SF-fed groups (Fig. 1, b). There was, 
however, a significant reduction in the mean dura- 
tion of VT episodes in the SSO-fed animals to less 


. than half that of the REF group (Fig. 1, a). In those 


rats fed the n-3 fatty acid-enriched TFO diet, there 
was a greater than 30% reduction in the mean 
duration of VT (Fig. 1, a) and, in addition, VT was 
observed in a significantly smaller proportion of 
TFO-fed animals (Fig. 1, b). The degeneration of VT 
into VF was significantly and equally well dimin- 
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Fig. 3. Incidence and duration of ventricular tachycardia (VT) occurring upon reperfusion of coronary 
vasculature after 15-minute coronary occlusion. In panel a the column height indicates the mean (+SEM) 
total duration (in seconds [s]) of VT episodes (zero values ignored). Panel b shows the percentage of 
animals exhibiting VT in each group. N = 11 (REF) or n = 10 (SSO, SF, TFO). In panel a, x signifies 
significant difference, p < 0.01 (ANOVA, Scheffé’s test). In panel b, * sigrifies significant difference, 
p < 0.05 (x? test). Abbreviations as in legend to Fig. 1. 
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Fig. 4. Incidence and duration of episodes of ventricular fibrillation (VF) occurring upon reperfusion of 
coronary vasculature after 15-minute coronary occlusion. In panel a the column height indicates the mean 
(+SEM) total duration (in seconds [s]) of VF episodes (zero values ignored). Parel b shows the percentage 
of animals exhibiting VF in each group. n = 11 (REF) or n = 10 (SSO, SF, TFO). * signifies significant 
difference, p < 0.05. (x? test). t signifies insufficient number of episodes for statistical comparison. 
Abbreviations as in legend to Fig. 1. 
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Fig. 5. Severity of arrhythmias occurring during occlusion and reperfusion as measured with a 
hierarchical scale of 0 to 9 (see Methods section). In occlusion, n = 11 (REF, SF) or n = 10 (SSO, TFO), 
while in reperfusion, n = 11 (REF) or n = 10 (SF, SSO, TFO). x signifies significant difference, p < 0.05 
(ANOVA, Scheffé’s test). Abbreviations as in legend to Fig. 1. 


ished by both the n-3 and n-6 enriched diets (Fig. 2), 
being totally abolished in the TFO-fed animals and 
occurring only once and then very briefly in the SSO 
group. 

Effect of dietary lipids on reperfusion-induced 
arrhythmias. The effects of long-term dietary supple- 
mentation with SF, SSO, and TFO on the incidence 
and duration of VT and VF upon coronary reperfu- 
sion after 15 minutes of occlusion are shown in Figs. 
3 and 4, respectively. Animals fed the TFO-supple- 
mented diet showed significant reductions in both 
the incidence and the duration of VT during reper- 
fusion, and reperfusion-induced VF was totally pre- 
vented, just as it was during occlusion. This is in 
contrast to the SSO diet, which demonstrated no 
significant protection against reperfusion arrhyth- 
mias despite being almost equieffective with TFO 
against the major arrhythmias that occur during 
coronary artery occlusion. Dietary supplementation 
with SF caused small but not statistically significant 
increases in the incidence and duration of VF upon 
reperfusion, but did riot modify the expression of 
VT. aah 

Arrhythmia score in occlusion and reperfusion. As a 
result of the cumulative occurrence of VEBs, VT, 
and VF, the arrhythmia score was significantly 
increased by the SF diet during occlusion, thus 
indicating an overall increase in arrhythmic vulner- 
ability. In contrast, the arrhythmia score was signif- 
icantly reduced by the SSO and TFO diets, with no 
significant difference between those groups. In 
reperfusion the TFO diet induced a reduction in 
arrhythmic vulnerability (as indicated by the 


arrhythmia score) that was not seen with SSO 
feeding, and the SF diet did not induce a significant 
increase in the arrhythmia score during reperfusion. 
There was, however, a significant difference between 
the SSO and SF dietary groups (Fig. 5). 

Mortality. The rat heart is capable of spontaneous 
reversion to sinus rhythm from VF, which conse- 
quently may not be terminal. No VF was observed in 
TFO-fed animals and the REF and SSO-fed animals 
recovered spontaneously from all episodes of VF. 
This was not the case for SF-fed animals, of which 
9% (1 of 11) died of VF during occlusion and 20% (2 
of 10) of those surviving occlusion suffered fatal VF 
upon reperfusion. Thus a total mortality of 27% was 
observed in the SF-supplemented aniamls, which 
was significant if compared to the other groups 
combined (p = 0.003 chi square test) but failed to 
reach statistical significance when compared to 
these other groups individualy (p = 0.062 chi square 
test). 

Ischemic region. The heart weights at death did 
not differ significantly between dietary groups 
(REF: 1.65 + 0.04 gm, n = 11; SSO: 1.63 + 0.04 gm, 
n=10; SF: 1.69 + 0.02 gm, n=11; TFO: 1.78 + 
0.03 gm, n = 10). The underperfused ischemic 2z/r, 
determined by dye exclusion and expressed as a 
percentage of ventricular wet weight, was signifi- 
cantly smaller in the SF supplemented group 
(35.1 + 3.8%) compared to the TFO supplemented 
group (45.1 + 1.9%) (p < 0.05, ANOVA, Scheffé’s 
test). There were no significant differences in z/r 
between any other dietary groups (REF: 41.7 + 
2.1%; SSO: 42.0 + 3.1%). 
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DISCUSSION 


The results of this study indicate that in the rat, 
dietary lipid supplementation with n-3 polyunsatu- 
rated fatty acid-rich fish oil is powerfully antiar- 
rhythmic, preventing VF both during coronary 
artery occlusion and upon reperfusion. This is in 
contrast not only to the effects of saturated animal 
fat, which was proarrhythmogenic, but also to the 
effects of the n-6 polyunsaturated fatty acids of 
vegetable origin that protected against occlusion- 
induced arrhythmias but not against the arrhyth- 
mias of reperfusion. 

Animal models of occlusion and reperfusion 
arrhythmias have been widely used, both in the 
study of underlying electrophysiologic processes and 
in the development of therapeutic agents.’*7*™ In 
man, VF following reperfusion of acutely ischemic 
myocardium may be a prime causative factor of 
sudden cardiac death’ that, despite much 
research, remains a major problem in contemporary 
cardiology. Thus the demonstration that the vul- 
nerability of myocardium to arrhythmic stimuli can 
be altered by dietary changes is potentially of great 
clinical significance. 

The influence that the dietary lipid regimens used 
in this study have on myocardial membrane fatty 
acids has been extensively documented.*** The 
major changes in membrane composition involve the 
relative proportions of individual polyunsaturated 
fatty acids only. For example, in the rat the linoleic 
acid-rich SSO (18:2 n-6) supplemented diet has the 
effect of raising the proportion of myocardial mem- 
brane n-6 polyunsaturated fatty acids, particularly 
arachidonic acid (20:4) n-6), while the SF supple- 
mented diet, which is low in both n-6 and n-3 
polyunsaturates (but still short of being EFA defi- 
cient), causes a reduction in membrane n-6 fatty 
acids but raises the level of the n-3 fatty acids, 
particularly the very long-chain polyunsaturate 
docosahexaenoic acid (22:6 n-3). TFO, which is also 
low in linoleic acid but conversely and in contrast to 
the SF supplemented diet is rich in the n-3 fatty 
acids, eicosapentaenoic acid (20:5 n-3) and docosa- 
hexaenoic acid, even more markedly increases the 
proportion of n-3 fatty acids with a corresponding 
reduction in n-6 polyunsaturates in myocardial 
membranes. The major consequence of these com- 
positional changes is to produce relative n-6/n-3 
ratios in the order SSO > SF > TFO.*5 

The hypothesis that the ratio of myocardial mem- 
brane n-6/n-8 polyunsaturated fatty acids is inverse- 
ly related to the arrhythmic vulnerability was based 
upon the antiarrhythmic properties of dietary SSO 
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compared with REF- and SF-supplemented diets?! 
as well as on an early report of arrhythmogenic 
effects of dietary cod liver oil.* However, the find- 
ings of the present study fail to support such a 
hypothesis and uphold the findings of more recent 
studies””* that report antiarrhythmic effects of fish 
oils in other animal models. The concordant results 
of recent studies suggest that the early proarrhyth- ` 
mogenic influence of cod liver oil was due to hyper- 
vitaminosis rather than to the n-3 fatty acids. In 
contrast to cod liver oil, TFO (from eviscerated fish) 
is not high in vitamins A or D, Nevertheless, it is 
apparent that the simple n-6/n-8 fatty acid ratio in 
myocardial membranes is not a direct predictor of 
arrhythmic susceptibility. 

The most striking finding in the present study was 
that dietary fish oil protected rats against reperfu- 
sion-induced arrhythmias, particularly VF, whereas 
SSO was without significant influence. This indi- 
cates that there are important differences between 
the types of unsaturated fatty acids in dietary lipids 
in relation to their effects on arrhythmia develop- 
ment. In addition, the arrhythmogenic effect of 
saturated animal fat supplementation was some- 
what less evident on reperfusion that it was during 
occlusion (although this remained the only group in 
which any deaths occurred from irreversible VF). 
The reduced influence of SF on reperfusion arrhyth- 
mias may simply relate to the smaller mean zone at 
risk obtained in this group, since the size of the 
ischemic region has been correlated with severity of 
reperfusion arrhythmias in other animals.” Dietary 
TFO, on the other hand, was powerfully antiar- 
rhythmic despite a relatively large ischemic zone. 

It is recognized that the electrophysiologic basis 
for reperfusion-induced arrhythmias differs mark- 
edly from those occurring during occlusion, as does 
the effectiveness of many antiarrhythmic thera- 
pies.” Therefore two or more separate mechanisms 
of action may exist whereby dietary fish oil and SSO 
share the ability to suppress occlusion-induced 
arrhythmias, yet fish oil alone offers protection in 
reperfusion, while saturated fat is particularly effec- 
tive in promoting occlusion arrhythmias only. For 
example, both fish oil and SSO depress myocardial 
responsiveness to calcium ions, which in turn is 
enhanced by saturated fat.>” Similarly, calcium 
channel blockers are recognized antagonists of ische- 
mia-induced arrhythmias,” but may be less effective 
against reperfusion arrhythmias. *? On the other 
hand, thromboxane has been implicated in reperfu- 
sion arrhythmias* and, although little is known of 
the endogenous production of eicosanoids in the 
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myocardium,” preliminary studies show they can be 
manipulated by dietary fats, and fish oil alone of 
the types of dietary fat used in this study has been 
shown to reduce eicosanoid production by platelets 
and vasculature.* * Therein could reside the ability 
of fish oil to protect against reperfusion arrhyth- 
mias. 

Regardless of the mechanism, the outstanding 
ability of dietary fish oil to prevent reperfusion- 
induced VF indicates that the n-6 and n-3 polyun- 
saturated fatty acids possess different antiarrhyth- 
mic properties or at least some additional property 
is held by the long-chain n-3 fatty acids of fish oil. It 
is clear, however, that no simple correlation is to be 
made between susceptibility to arrhythmias and 
total myocardial membrane composition in terms of 
individual fatty acids, n-6 fatty acids, or n-3 fatty 
acids. Nevertheless, the myocardial membranes and 
their associated functions remain the most likely 
sitë for these dietary effects, since membrane- 
associated events have been shown to be modified by 
dietary fat™!273 and the other major contender 
(coronary atherosclerosis) is not induced in rats held 
on these diets for over 12 months.” 

Reperfusion-induced arrhythmias are observed in 
a number of clinically important circumstances, not 
the least of which is sudden cardiac death.’ This 
study provides experimental evidence, albeit in an 
animal model, for the benefit of long-term consump- 
tion of dietary polyunsaturated fat and particularly 
n-3 fatty acids in the prevention or management of 
cardiac arrhythmias. These effects appear to reflect 
direct influences on the vulnerability of the myocar- 
dium to arrhythmic stimuli distinct from and in 
addition to any vascular or hemostatic effects of 
dietary fat. They perhaps provide a previously 
unrecognized basis for the numerous reports? that 
suggest that consumption of fish or fish oil may be 
associated with a reduced mortality from cardiovas- 
cular disease. 


The authors wish to thank Mr. Jim Greenfield for the prepara- 
tion of the diets and care of the animals. 
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Significant variability in the mode of ventricular 
tachycardia induction and its implications for 
interpretation of acute drug testing 


Fifty-four patients with previous myocardial infarction and sustained ventricular tachycardia on 
fibrillation underwent two electrophysiologic studies in the drug-free state within 72 hours. 
Although the concordance of overall ventricular tachycardia induction over the 2 days was good 
(87% of patients), there was variability in the number of extrastimuli needed to induce sustained 
ventricular tachycardia on each day in 60% of patients. Of those in whom ventricular tachycardia 


was inducible on both days, 40% required additional extrastimull and 20% required fewer 
extrastimull. A change by two or more extrastimull was found in 12% of patients. There was no 
correlation between the variability observed and multiple clinical and laboratory parameters 
(including the aggressiveness of the stimulation protocol); however, the direction of the 
variability (easier or harder to induce) correlated with changes in ventricular refractoriness. 
Inherent day-to-day variability may affect the reproducibility of electrophysiologic studies and 
influence the results of serial drug testing. (Am Heart J 1988;116:718.) 


Karen J. Beckman, MD, Carlos E. Velasco, MD, Jack Krafchek, MD, 
Huang-Ta Lin, MD, Sharon A. Magro, PA-C, and a Christopher R. C. ene MD. 


Houston, Texas 


In the past 10 years serial electrophysiologic studies 


have become an accepted means of selecting antiar- 


rhythmic drugs for patients with sustained ventricu- 
lar tachycardia.'* Usually patients undergo a single 
control study that then serves as the reference point 
for ensuing drug trials. This approach assumes that 
the inducibility of ventricular tachycardia is stable 


and reproducible from one day to the next; however, 


recent studies’ have called that assumption into 
serious question. The purpose of this article is to 
report the variability of ventricular tachycardia 
induction over two control studies in our laboratory, 
review the experiences of previous investigators, 
examine the possible causes of variability, and com- 
- ment on the clinical relevance of this variability in 
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evaluations of serial electrophysiologic drug test- 
ing. to? i 
METHODS 


Between June, 1982, and DnE 1985, a total of 109 
consecutive patients with coronary artery disease and 
documented sustained ventricular tachycardia or.fibrilla- 


-~ tion underwent ventricular programmed electrical stimu- 


lation in the drug-free state. The charts were reviewed to 
find those who had had a previous myocardial infarction 
and had undergone two control electrophysiologic studies 
within 72 hours of each other. Fifty-four of 109 patients 
met both of these criteria and form the basis of this 
retrospective analysis. 

Patient characteristics are listed in Table I. Forty-seven 
patients had sustained monomorphic ventricular tachy- 
cardia, defined as lasting =30 seconds or requiring cardio- 
version, and seven had ventricular fibrillation alone. The 
cycle length of the. spontaneous ventricular tachycardia 
was known in 39 patients (range 200 to 440, mean 
336 + 59 msec). All patients had had a prior myocardial 
infarction. In one patient ventricular tachycardia first 
appeared 3 weeks after infarction; infarction was remote 
(greater than 3 months) in the rest. Coronary anatomy, 


left ventricular ejection fraction, and aneurysm formation 


were determined by cardiac catheterization in 42 patients 
and by echocardiography and gated radionuclide ventric- 
ulography in the remainder. All patients had regional wall 
motion abnormalities; 58% had aneurysms (defined as a 
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dyskinetic area). All but two patients had a decreased 
ejection fraction (range of 0.10 to 0.60; mean of 0.80 + 
0.12). 

After antiarrhythmic drugs were discontinued for at 
least five half-lives, patients were brought to the electro- 
physiology laboratory in the fasting, unsedated state: 
Three quadripolar catheters were inserted percutaneously 
through the right femoral and left subclavian veins and 
positioned in the high right atrium, across the triscuspid 
valve to record the His bundle electrogram, and in the 
right ventricular apex. Programmed electrical stimulation 
was performed with a programmable stimulator (Bloom 
DTU-101C, Bloom Associates, Philadelphia, Pa.) with a 2 
msec pulse width at twice diastolic threshold. After basic 
conduction intervals and anterograde refractory periods 
had been assessed, the following ventricular stimulation 
protocol was followed at the right ventricular apex and the 
right ventricular septum: one extrastimulus was intro- 
duced during sinus rhythm and drive cycle lengths of 600 
and 500 msec; two, three, and four extrastimuli were 
introduced during a drive cycle length of 500 msec. Each 
extrastimulus was introduced once at each coupling inter- 
val. Coupling intervals were decreased by 10 msec until 
ventricular refractoriness was reached. The extrastimulus 
was then positioned 20 msec beyond the refractory period 
before the next extrastimulus was introduced. Stimulation 
was continued until sustained monomorphic ventricular 
tachycardia had been induced twice or until the end of the 
protocol was reached. The pacing protocol was also termi- 
nated after two cardioversions. The subclavian catheter 
was left in thé right ventricular apex for a second control 
study that was always done within 72 hours of the first. 
The pacing protocol followed at the apex during the 
second study was identical to that at the first. Although 
two right ventricular sites were tested during the first 
study, for the purposes of this analysis, only data from the 
right ventricular apex for each day were compared. There 
was no change in nonantiarrhythmic medications (such as 
digoxin and diuretics) between the two studies. There 
were no electrolyte abnormalities or clinically overt epi- 
sodes of acute ischemia on either study day. 

Definitions. Ventricular tachycardia was considered 
inducible when sustained monomorphic ventricular tachy- 
cardia lasting 230 seconds or requiring cardioversion was 
provoked twice. The monomorphic ventricular tachycar- 
dia induced on day 1 did not have to have the same QRS 
morphology as that which had occurred spontaneously. 
Polymorphic ventricular tachycardia and ventricular 
fibrillation were considered to be induced rhythms only if 
ventricular fibrillation had been the spontaneous arrhyth- 
mia. 

Ventricular tachycardia was considered noninducible if 
sustained ventricular tachycardia was not provoked. Non- 
sustained ventricular tachycardia lasting <30 seconds was 
considered to be noninducible. 

Induction of ventricular tachycardia was considered 
nonvariable in patients whose tachycardia was either 
inducible on both days with the same number of extrasti- 
muli or noninducible on both days. The monomorphic 
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Table |. Patient characteristics 





Characteristics 
No. of patients 54 
Sex 
Male 51 
Female 3 
Age (yr) 41-74 (60.5 + 7.7) 
No. of vessels 1-3 (2.4 + 0.8) 


obstructed =75% 
Left ventricular ejection 
fraction (normal 


0.10-0.60 (0.30 + 0.12) 


=0.55) 
Aneurysm 28 (58%) 
Spontaneous arrhythmia 
VT 47 (87%) 
VF 7 (18%) 


Cycle length of 


200-440 (336 + 59) 


spontaneous VT 
(msec) 





VT = ventricular tachycardia; VF = ventricular fibrillation. 
Data expressed as range (mean + 1 standard deviation). 


ventricular tachycardia induced on day 2 did not necessar- 
ily have to have the same QRS morphology as on day 1. 

Induction was considered variable in patients whose 
tachycardia was either inducible only on one of the two 
days or inducible on both days but required a different 
number of extrastimuli for induction. 

Statistical analysis. Numeric data were tested for 
significance by paired and unpaired ¢ tests and by chi- 
square analysis. Where normality or equal variance could 
not be assumed, nonparametric methods were used. 


RESULTS 


Sustained monomorphic ventricular tachycardia 
was induced in 45 of 54 (88%) patients at the first 
electrophysiologic study and in 46 of 54 (85%) at the 
second. Ventricular tachycardia was induced at both 
studies in 42 of 54 (78%) patients and at neither 
study in five patients (9% ) for a concordant result of 
87%. Ventricular tachycardia was induced at only 
one study in seven patients: three at the first study 
and four at the second (discordant result 13%). In 
only one patient was an episode of ventricular 
fibrillation induced. In no patient was clinically 
relevant ventricular fibrillation induced as defined 
previously. The longest episode of nonsustained 
ventricular tachycardia in a patient in whom sus- 
tained ventricular tachycardia was not induced was 
12 seconds. s 

Pacing thresholds (0.98 + 0.6 vs 1.0 +0 mA), 
ventricular effective refractory periods (234 + 26 vs 
238 + 20 msec), and resting heart rates (78 + 16 vs 
78 + 13 beats/min) were not significantly changed 
over the 2 days. | 

Changes in the inducing sequence from day to day 


720 Beckman et al. 


September 1988 
American Heart Journal 


Table li. Number of extrastimuli required to induce ventricular tachycardia on 2 days in 42 patients 








IES 2ES 
EPS 1 eo iT 17 
EPS 2 
Same number ES 1 8 
Lesser number ES — 3 
Greater number ES 6 6 
Variability 21 ES - 6/7 9/17 
Variability 22 ES 2/7 1/17 





3 ES 4 ES Total patients 
13 5 42 
4 . 4 17 (40.5%) 
4 i 8 (19%) 
5 — 17 (40.5%) 
9/13 1/5 25 (59.5%) 
1/13 1/5 © 5 (12%) 


EPS 1 = electrophysiologic study day 1; EPS 2 = electrophysiologic study day 2; ES = extrastimuli. 


Table lll; Comparison of clinical characteristics 





Characteristics Variable Nonvariable p 

No. of patients 32 22 
Spontaneous arrhythmia 

VT 29 18 

VE 3 4 NS 
Left ventricular ejection 0.31 + 0.12 0.29+011 NS 

fraction 
Aneurysm 16 12 NS 
Cycle length of spontaneous 330 + 65 346.+ 51 NS 

VT (msec) 





Data expressed as mean + SD. Abbreviations as in Table I. 


were examined in the 42 patients in whom ventricu- 
lar tachycardia was inducible on both days (Table 
ID. At the first study one extrastimulus was needed 
in seven patients, two extrastimuli in 17 patients, 
three extrastimuli in 13 patients and four extrasti- 
muli in five patients. At the second study one 
extrastimulus was needed in five patients, two 
extrastimuli in 16 patients, three extrastimuli in 11 
patients and four extrastimuli in 10 patients. Of the 
seven patients requiring one estrastimulus on day 1, 
only one could still have ventricular tachycardia 
induced with a single extrastimulus. The other six 
patients required more extrastimuli for induction of 
ventricular tachycardia. Of the 17 patients in whom 
ventricular tachycardia was induced on day 1 with 
two extrastimuli, eight required the same number, 
three required fewer and six required a greater 
number of extrastimuli on day 2. Of the 13 patients 
in whom ventricular tachycardia was induced with 
three extrastimuli, four patients required the same 
number, five required more and four required fewer 
extrastimuli. Of the five patients in whom ventricu- 
lar tachycardia was induced with four extrastimuli 
on day 1, four patients still required four extrasti- 
muli and one required fewer extrastimuli. Thus in 17 
of the 42 (40.5%) patients ventricular tachycardia 
was induced with the same number of extrastimuli 


as in the initial study; however, 25 of the 42 (59.5%) 


' patients required either fewer (8 patients, 19%) or 


more (17 patients, 40.5%) extrastimuli. Five of the 
patients requiring a different sequence differed by 
two or more extrastimuli (12%). Overall variability 
(patients requiring a different number of extrasti- 
muli and patients with inducible ventricular tachy- 
cardia on only one day) was 32 of 54 (59%). 
Fig. 1 summarizes data from all 54 patients. 

Possible relationships between the presence or 
absence of variability in induction of ventricular 
tachycardia and various clinical parameters were 
examined (Table III). There was no correlation 
between the variability seen and the presence of an 
aneurysm, the degree of left ventricular dysfunction, 
the spontaneous arrhythmia (ventricular tachycar- 
dia vs fibrillation) or the cycle length of spontaneous 
ventricular tachycardia. . 

In an attempt to ascertain whether reproducibili- 
ty of ventricular tachycardia induction could be 
predicted from results of the initial electrophysio- 
logic study, various electrophysiologic parameters 
from day 1 were analyzed (Table IV). There was no 
correlation between variability and the pacing 
thresholds, effective refractory periods, and cycle 
lengths of ventricular tachycardia induced on day 1. 
In particular the lack of reproducibility bore -no 
relation to the aggressiveness of the stimulation 
protocol used. As shown in Table IV, patients in 
whom ventricular tachycardia was induced with one 
or two extrastimuli at the first study were as likely to 
be variable at a second study (17 of 26) as those in 
whom ventricular tachycardia had been induced 
with three or four extrastimuli (11 of 19). If the 
variable group of patients was then divided into 
subsets of those easier and harder to induce, there 
was still no significant difference in heart rate or 
pacing threshold; however, there was a significant 
increase in the ventricular effective refractory peri- 
od on day 2 compared to that on day 1 in the 
patients with ventricular tachycardia that was hard- 
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PTS Requiring PTS Requiring PTS Requiring 
More #ES Same #ES Less #ES 
0 1 0 0 5 0 0 2 0 
4 5 4 4 4 4 4 2 4 
3 7743 3-—4—-13 3 : 3 
2—57 j2 2}— 8—2 2 1. 12 
ee? I 1—1 —]ı 1] N1 
Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 
20 PTS 22 PTS | 12 PTS 
Key 


0: No VT Induction 
1: Induction with 1 ES 
2: Induction with 2 ES 


3: Induction with 3 ES 
4: Induction with 4 ES 


Fig. 1. Comparison of “ease” of induction of VT in all 54 patients. Each panel compares inducibility of 
VT on day 1 with that on day 2 in patients requiring more, the same, or fewer extrastimuli at second study, 
respectively. 0 = Noninducibility of VT despite use of four extrastimuli. The 20 patients requiring more 
extrastimuli include three in whom VT was noninducible at second study. The 12 patients requiring fewer 
extrastimuli include four in whom VT was inducible only at second study. #ES, Number of extrastimuli; 


Pts, patients; VT, ventricular tachycardia. 


Table IV. Comparison of baseline electrophysiologic characteristics 








Characteristics 








No. of patients 
Pacing threshold (mA) 
Ventricular effective refractory period (msec) 
No. of patients with VT induced by 
lor2ES 
3 or 4 ES 
Cycle length of VT induced at EPS 1 (msec) 








Data expressed as mean + 1 SD. Abbreviations as in Tables I and H. 


Variable Nenvariable Significance 
32 22 
1.1 + 0.06 0.76 + 0.4 NS 
236 + 29 239 + 19 _ NS 
17 9 
11 8 NS 
286 + 57 294 + 57 NS 





Table V. Variability as a function of change in electrophysiologic parameters 























VT induction easier VT induction harder 
(n = 12) (n = 20) 
Parameters Day 1 Day 2 p Day 1 Day 2 p 

Heart rate (beats/min 69 + 13 7449 NS 79+ 18 78 +17 NS 

Pacing threshold (mA) 1.09 + 0.63 1.15 + 0.5 NS 1.07 + 0.5 0.79 + 0.82 NS 

Ventricular effective refractory period (msec) 248 + 39 220 + 21 0.059 227 + 18 242 + 17 <0.05 
VT = Ventricular tachycardia. l 

DISCUSSION 


er to induce, and although not statistically signifi- 
cant there was a downward trend in the ventricular 
effective refractory period of patients in whom 
ventricular tachycardia was more easily induced 
(Table V). j 


It has long been recognized that the frequency of 
ventricular ectopy in patients with malignant ven- 
tricular arrhythmias can vary widely over time.*” 
One of the major limitations in using 24-hour ambu- 
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Table VI. Variability of ventricular tachycardia induction in the electrophysiology laboratory: Summary of previous 





studies 
% of VT 
No. of population 
Reference patients studied 
Horowitz et al." 20 NA 
Schoenfeld et al.* 17 NA 
McPherson et al? 77 53 
Livelli et al. 22 NA 
Duff et alt 24 NA 
Lombardi et al.6 42 NA 
Kudenchuk et al.’ 114 100 
Present study 54 50 











Heart Clinical 
disease arrhythmia Aneurysm 
H VTE 65% 
H VT/VE/NVT 47% 
H VI/VE/NVT/PVC NA 
NA VT - NA 
NA S/NVT/VT NA 
H VT/VF NA 
H VT/VF NA 
CAD VT/VF 52% 








CAD = coronary artery disease; EPS 2 = electrophysiologic study day 2; ES = extrastimuli; H = heterogeneous causes; N = not performed or used; 
NA = not available; NVT = nonsustained ventricular tachycardia; PVC = premature ventricular complex; S = syncope; VF = ventricular fibrillation; 


VT = sustained ventricular tachycardia; Y = performed or used. 
*Variable criteria as defined by authors. 
+Data shown summarize only first two of five electrophysiologic studies. 


Thirteen patients had indwelling catheters for serial studies; 11 patients had new catheters inserted at each study. 


latory monitoring to assess drug efficacy is that wide 
swings in baseline ectopy (because of inherent vari- 
ability) can be mistaken for a drug effect." It had 
been hoped that electrophysiologic testing (where 
tachycardias are actively provoked rather than 
spontaneous rhythms passively observed) would 
obviate this difficulty; however, there is no a priori 
reason to assume that the factors causing the vari- 
ability seen clinically on ECG monitoring would not 
operate in the electrophysiology laboratory as well. 

In our patients, although the overall concordance 
of ventricular tachycardia induction over 2 days was 
good (87%), in only 40% of patients could ventricu- 
lar tachycardia be induced by the same number of 
extrastimuli on day 2 as on day 1. The other 60% of 
patients either required a different (usually greater) 
number of extrastimuli or no longer had inducible 
tachycardia. This lack of reproducibility in induc- 
tion mode was seen despite a uniform patient popu- 
lation and strict definitions of inducibility. Our 
study population consisted of a homogeneous group 
of patients with coronary artery disease, previous 
myocardial infarction, and sustained ventricular 
tachycardia or ventricular fibrillation. Such patients 
have been purported to have ventricular tachycardia 
inducible by programmed electrical stimulation at a 
single control study 85% to 90% of the time.” Our 
results (ventricular tachycardia in 83%) are in 
accordance with previous reports, but in addition we 
found variability in the mode of induction in 60% of 
patients. If any group of patients might reasonably 
be expected to have reproducibility in the mode of 
induction, it would be this one. 

Our finding of 60% variability in mode of induc- 


tion is in contradistinction to that reported by 
Horowitz et al.‘ They reported that 20 patients with 
mainly coronary artery disease and sustained ven- 
tricular tachycardia had 100% concordance in over- 
all induction and no variability in the mode of 
induction between two control studies. This early 
study represents a smaller, highly select group of 
patients with multiple episodes of aborted sudden 
death and is probably not typical of patients cur- 
rently being investigated. 

Subsequent work by Schoenfeld et al.,4 McPher- 
son et al. Lombardi et al.,° Livelli et al, Duff et 
al, and Kudenchuk et al.’ showed that significant 
variability exists both in terms of overall induction 
of ventricular tachycardia (11% to 75%) and the 
mode of induction (27% to 73%). Results of these 
studies are summarized in Table VI. It should be 
noted that these studies are extremely heteroge- 
neous in terms of patient populations and diverse in 
methods and definitions. The patients studied by 
Schoenfeld et al., McPherson et al. and Kuden- 
chuk et al.” exhibited a wide range of underlying 
heart disease and left ventricular function (Livelli et 
al. and Duff et al. did not define their study 
populations). The presenting arrhythmia in most 
instances was sustained ventricular tachycardia and 
fibrillation; however, Schoenfeld et al. included 
patients with nonsustained ventricular tachycardia, 
McPherson et al. included patients with both non- 
sustained ventricular tachycardia and premature 
ventricular contractions, and Duff et al. included 
patients with syncope. A variety of pacing protocols 
was used, with two to four extrastimuli, burst pac- 
ing, and one to two pacing sites. Most investigators 
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Protocol Maximum 
no. of days 
Maximum No. of between 
no. of ES Burst sites studies 
2 Y 1 1 
3 Y 1 18 mo 
3 Y 1 3 
3 N 1 3 
3 Y 1 2 
2 N 1 32 
4 Y 2 1 
4 N 1 3 





used indwelling catheters for the second study. The 
definitions of induction and reproducibility were 
equally diverse and ranged from extremely open (in 
the study of McPherson et al. tachycardia of >3 
beats was considered inducible and induction of any 
ventricular tachycardia on both days reproducible) 
to extremely strict (in the study of Lombardi et al.,° 
for the tachycardia to be inducible the patient had 
to have ventricular tachycardia induced in two of 
three attempts at the same coupling interval). 
Despite these limitations it appears clear that the 
mode of induction of ventricular tachycardia in a 
given patient is not nearly as reproducible as first 
thought. 

The most important implications of variability in 
induction of ventricular tachycardia relate to inter- 
pretation of the results of acute drug testing done in 
the electrophysiology laboratory. Much has been 
written about the optimal stimulation protocol for 
induction of ventricular tachycardia in the control 
state (including number of drive cycle lengths, sites, 
number of extrastimuli)!**’; comparatively little dis- 
cussion has been directed at how aggressive the 
stimulation protocol should be during serial drug 
testing.» If the inherent variability is not taken 
into consideration, changes in inducibility may be 
mistaken for a beneficial or detrimental drug effect. 
This may be especially true in protocols that assess 
drug efficacy by testing only through the number of 
extrastimuli at which ventricular tachycardia was 
originally induced or by delivering a standard num- 
ber of extrastimuli regardless of how ventricular 
tachycardia was originally induced in the control 
state.“ Protocols that require suppression of 
arrhythmia through the entire stimulation protocol 
would minimize the chances of false predictions of 
drug success but may be overly stringent. * 

There are several ways to address this problem. 
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Variability in* 


Indwelling 

catheter Induction Mode of 

EPS 2 of VT VT induction 
Y 0% 0% 
N 30% 70% 
Y 18% 53% 
NA 18% 41% 
Yi 0% 23% 
N 0% 18% 
Y 43% 73% 
Y 11% 27% 
Y 13% 60% 





First it may be possible to identify subsets of 
variable and nonvariable patients. This would 
require at least two control studies, since it would be 
impossible to predict who would be variable on the 
basis of the results of the initial study. Patients with 
reproducible modes of induction could undergo seri- 
al drug studies with increased confidence that the 
test results would accurately reflect the effects of 
the antiarrhythmic drugs. In patients with marked 
variability the baseline would need to be reassessed 
before each drug trial; however, this would require 
that all drug testing be done intravenously. 
Alternatively it may be possible to compensate for 
possible variance by modifications of the pacing 
protocol based on the number of extrastimuli 
required at the initial electrophysiologic study. For 
example, among the 45 patients in whom ventricular 
tachycardia was induced at the first study, induction 
at the second study was more difficult by at least one 
extrastimulus in 20 of 45 (44%); however, only six of 
these patients (18%) required two or more addition- 
al extrastimuli on the second day. Thus if one were 
to define successful drug testing as “suppression of 
arrhythmia despite delivery of one additional 
extrastimulus over the number required to induce 
ventricular tachycardia in the control study,” one 
could conceivably encompass all but 18% of the 
variability in patients induced at the first study. On 
the other hand, since ventricular tachycardia 
became “easier” to induce in 8 of 45 patients (18%), 
such a system might increase the number of drugs 
falsely declared ineffective. Requiring suppression 
of arrhythmia one extrastimulus beyond that 
required at the initial study in these patients may be 
overly stringent and may lead to drugs being dis- 
carded prematurely (although not as frequently as 
would be the case if the entire stimulation protocol 
was used). The problem of variability might also be 


724 Beckman et al. 


surmounted by testing at multiple ventricular sites™ 
or by using different end points, such as nonsus- 
tained ventricular tachycardia.” Another alternative 
would be to define drug efficacy as noninduction of 
tachycardia through the entire stimulation protocol, 
regardless of how tachycardia was initially induced. 
Prospective studies are needed to determine wheth- 
er any of these suggestions are valid. 

The lack of reproducibility in the mode of induc- 
_ tion of ventricular tachycardia and its relation to 
acute drug testing is clinically relevant only in so far 
as it affects the results of long-term therapy. The 
incidence of recurrent ventricular tachycardia and 
sudden death in patients receiving antiarrhythmic 
drugs at the time of discharge, who are predicted to 
be successful based on results of electrophysiologic 
testing, is estimated to be between 5% and 20% and 
has been reported to be as high as 32% .2 230 Clinical 
experience suggests that the reasons for drug failure 
(such as progression of underlying heart disease, 
inability to maintain drug levels tested in the elec- 
trophysiology laboratory, and metabolic imbalance) 
are multifactorial but may include failure to take 
intrinsic variability into consideration at the time of 
acute drug. testing. 

The cause of variability in induction of ventricu- 
lar tachycardia is uncertain and may also be multi- 
factorial. Previous authors have asserted that it is 
the result of an unstable myocardial substrate (i.e., 
not seen in patients with aneurysms),‘ the use of 
chronic indwelling pacing catheters,'® or the aggres- 
siveness of the stimulation protocol.® In our study 
variability did not correlate with the preceding 
factors and other clinical and electrophysiologic 
parameters. There was a suggestion that in the 
group of variable patients, changes in ventricular 
refractoriness corresponded to changes in the mode 
of ventricular tachycardia induction (i.e., in patients 
in whom tachycardia became easier to induce, the 
ventricular effective refractory periods shortened 
compared to day 1, whereas in patients in whom 
tachycardia became harder to induce, the effective 
refractory periods lengthened in comparison to day 
1). The relationship between ventricular effective 
refractory periods measured during programmed 
stimulation and during ventricular induction is not 
well understood. It may be that the ability to achieve 
shorter effective refractory periods facilitates induc- 
tion of ventricular tachycardia by “peeling back” 
refractoriness in some areas of the ventricle and 
creating unidirectional block in other areas. On the 
other hand, changes in refractoriness may be only a 
marker for other influences that modulate induction 
of tachycardia. 
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Tn any case we can only speculate on the possible 
causes of variability in this study. All of our patients 
had coronary artery disease, and although no 
patients had ischemic symptoms or repolarization 
changes at the time of either study, the possibility 
that subclinical ischemia intermittently causes 
decreased tachycardia threshold and ventricular 
refractoriness cannot be excluded. 

There is mounting epidemiologic data to indicate 
that stress may be an independent risk factor in 
sudden cardiac death. Experimental work in ani- 
mals suggests that vulnerability to malignant cardi- 
ac arrhythmias is heightened by psychological 
stress.°**? Although one must be cautious in extrap- 
olating animal work to humans, it is interesting that 
ventricular tachycardia in our patients tended to be 
“easier” to induce on the first day (when catheters 
were inserted and the laboratory was unfamiliar) 
and became “harder” to induce on a subsequent day 
(? when patients were more adapted to the proce- 
dure). More work is needed to define better the 
relationship between the central nervous system and 
cardiac arrhythmias. 

Limitations. As always in retrospective studies, 
there may have been unappreciated bias and selec- 
tion that affected results. Because only two control 
studies were performed, it is not known whether the 
variable patients would have remained variable and 
the nonvariable patients nonvariable at a third and 
fourth study. Also our results may not reflect the 
variability over shorter (hour to hour) or longer 
(month to month) periods. Only data from one 
ventricular site at one pacing cycle were analyzed; 
the use of multiple pacing sites and cycle lengths 
could have conceivably minimized the variability 
seen. Based on previous work" the use of an indwell- 
ing catheter for the second study may be a serious 
limitation. Because the results of the second control 
study were known (and acted upon) it is not possible 
to know how acute drug testing and long-term drug 
efficacy would have been affected by variability. 
The results of this study may not be applicable to 
other subsets of patients (nonsustained ventricular 
tachycardia or ventricular tachycardia in patients 
without coronary artery disease). 

Clinical implications. Although the reproducibility 
of ventricular tachycardia induction from one day to 
the next is good, there is significant variability in the 
mode of ventricular tachycardia induction (number 
of extrastimuli needed). This variability is not re- 
lated to the aggressiveness of the stimulation proto- 
col. Its significance is unclear but may account for 
some of the apparent failures of drugs selected by 
electrophysiologic testing and for premature discon- 
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tinuation of other drugs. Our results suggest that 
multiple control electrophysiologic studies perform- 
ed whenever possible may be helpful in assessing the 
reproducibility of the mode of ventricular tachycar- 
dia induction in individual patients. Stimulation 
protocols during serial drug testing may need to be 
modified to allow for intrinsic variability (such as 
defining the success of a drug as absence of induc- 
tion of ventricular tachycardia by a protocol that 
uses one extrastimulus beyond the number required 
for original induction). Prospective studies are 
needed to elucidate better the incidence, mecha- 
nism, and clinical significance of variability in the 
electrophysiologic laboratory. 


We thank Kalene Farley for her assistance in the preparation 
of this manuscript. 
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Magnet unresponsive pacemaker endless loop | 


tachycardia — 


Endless loop tachycardia is a well-known complication of DDD pacing and is almost invariably 
terminated by conversion to the asynchronous DOO mode upon application of a magnet over the 
pulse generator. Occasionally magnet application is ineffectual because the ventriculoatrial (VA) 
synchrony of endless loop tachycardia is‘converted directly or indirectly to an atrioventricular 
(AV) desynchronization arrhythmia, another form of VA synchrony. This occurs when a paced 
ventricular beat engenders an unsensed retrograde P wave and the continual delivery of an 
ineffectual atrial stimulus during the atrial myocardial refractory period creates self-perpetuating 
VA synchrony. Upon magnet removal, AV desynchronization arrhythmia reverts immediately to 
endless loop tachycardia. In the absence of access to programmers, magnet unresponsive 
endless loop tachycardia can be easily and reliably terminated by chest wall stimulation through 
inhibition of the ventricular channel of the DDD puise generator. (Am Heart J 1988;116:726.) 


S. Serge Barold, MB, BS, FRACP, Michael D. Falkof, MD, Ling S. one MD, ‘and 


Robert A. Heinle, MD. Rochester, N.Y: 


Endless loop (reentrant) tachycardia is. a. well- 


known complication of dual chamber pacing with - 


DDD (or VDD) pulse generators.’* Despite the very 


sophisticated programmability of contemporary 


DDD pulse generators, endless loop tachycardia 
(ELT) will probably continue to be a potential 
problem because of inappropriate pacemaker pro- 
gramming or unpredictable variation of retrograde 
ventriculoatrial (VA) conduction occurring sponta- 
neously or secondary to the administration of cardi- 
ac drugs.”*" The easiest way of terminating ELT is 
by application of the test magnet over the DDD 
pulse generator. Conversion to the DOO mode dis- 
rupts VA synchrony and almost invariably termi- 
nates ELT."” Occasionally ELT cannot be terminat- 
ed by application and removal of the test magnet: 
Magnet unresponsive endless loop tachycardia is 
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often linked to the development of another form of 
VA synchrony or atrioventricular (AV) desynchroni- 
zation arrhythmia. During AV desynchronization 
arrhythmia, a paced ventricular beat engenders an 
unsensed retrograde P wave and the continual deliv- 
ery of an ineffectual atrial stimulus during the atrial 
myocardial refractory period creates a self-perpetu- 
ating form of VA synchrony." In this report, we 
describe the characteristics of magnet unresponsive 
ELT, its relationship to AV desynchronization 
arrhythmia, and describe its termination by chest 
wall stimulation, a simple technique that does not 
require access to a programmer. 


l ILLUSTRATIVE EXAMPLES 


Case No. 1. Inability to terminate endless loop tachy- 
cardia by magnet application. Conversion to AV 
desynchronization arrhythmia and return of endless 
loop tachycardia upon withdrawal of the magnet. The 
electrocardiogram (ECG) in Fig. 1 shows an ELT caused 
by a Medtronic (Medtronic, Inc., Minneapolis, Minn.) 
7000 DDD pulse generator programmed to the following 
settings: lower rate interval = 750 msec (rate = 80 pulses 
per minute [ppm]),; upper rate interval = 480 msec 
(rate = 125 ppm), AV interval = 250 msec, post-ventricu- 
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Fig. 1. Endless loop tachycardia (ELT) in a patient with a Medtronic No. 7000 DDD 5 else generator. 
Application of the magnet converts ELT to AV desynchronization arrhythmia. Two ECG leads were 


recorded simultaneously. (See text for details.) 
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Fig. 2. Same patient as in Fig. 1. AV desynchronization arrhythmia continues as long as the magnet 
remains in place. Magnet removal (arrow) causes immediate return of ELT. Two ECG leads were recorded 


simultaneously. 


lar atrial refractory period (PVARP) = 155 msec (nonpro- 
grammable), atrial output = 5.0 V at 0.3 msec (threshold 
for atrial pacing was less than 5.0 V at 0.05 msec). The rate 
of the ELT is approximately 107 ppm (cycle length = 560 
msec). Retrograde P waves are not discernible, but the 
retrograde VA conduction time (VACT) can be calculated 
because the ELT is slower than the programmed upper 
rate. Therefore the cycle length of the ELT (560 msec) 
must be equal to the sum of the VACT and the AV 
interval. Consequently, the VACT is approximately 
560 — 250 = 310 msec. In the top, trace of Fig. 1, applica- 
tion of the magnet converts the DDD pulse generator to 


‘the asynchronous DOO mode for three cycles at a rate 


10% above 85 ppm (93.5), with an AV interval of 100 
msec. Then DOO pacing continues at a rate of 85 ppm 
(faster than the programmed rate) at the programmed AV 
interval (250 msec). During magnet application, all atrial 
stimuli ‘appear ineffectual. Retrograde VA conduction 
continues because the atrial stimuli fall within the atrial 
myocardial refractory period initiated by the preceding 
retrograde atrial depolarization (Figs. 1 and 2). This 
results in an AV desynchronization arrhythmia” that 
continues until removal of the magnet (arrow off), where- 
upon ELT restarts immediately (Fig. 2). Identical 
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Fig. 3. Same patient as in Figs. 1 and 2. A single chest wall stimulus (CWS) terminates ELT. Two ECG 


leads were recorded simultaneously. 
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Fig. 4. Top, Endless loop tachycardia (ELT) in a patient with a Medtronic Symbios No. 7006 DDD pulse 
generator. Application of the magnet produces an AV desynchronization arrhythmia because a single 
atrial stimulus is omitted during the magnet sequence. Chest wall stimulus (CWS) terminates ELT. 
AVDA = AV desynchronization arrhythmia. (See text for details.) 


responses were observed with repeated applications and 
removals of the magnet. Fig. 3 shows how ELT was 
immediately terminated by a single chest wall stimulus 
sensed by the ventricular channel. 

Case No. 2. Termination of endless loop tachycardia 
by magnet application causing successful atrial cap- 
ture. Subsequent initiation of AV desynchronization 
arrhythmia causes return of ELT upon magnet removal. 
Fig. 4 shows the ECG of a patient with a Medtronic 7006 
DDD pulse generator (Medtronic, Inc.) programmed to 
the following settings: lower rate interval = 750 msec 
(rate= 80 ppm), upper rate interval=600 msec 
(rate = 100 ppm), AV interval = 250 msec, PVARP = 155 
msec, atrial output = 5.0 V at 0.2 msec (threshold for 


atrial pacing was less than 2.5 V at 0.1 msec). The rate of 
the ELT is 100 ppm and is equal to the upper rate of the 
pulse generator. Retrograde P waves are identified by 
notching on the ST segment. The VACT measures 
approximately 200 msec and the AV delay is lengthened to 
400 msec to conform to the programmed upper rate limit 
interval of 600 msec. Jn the top trace of Fig. 4, application 
of the magnet terminates the ELT by converting the pulse 
generator to the asynchronous DOO mode at a rate 10% 
above 85 ppm (93.5) and an AV interval of 100 msec for 
three cycles.® Then DOO pacing continues at a rate of 85 
ppm at the programmed AV interval of 250 msec.” Upon 
application of the magnet, the first three ventricular 
paced beats are each preceded by an atrial stimulus. 


Volume 116 
Number 3 


Endless loop tachycardia 729 


COSMOS DDD 


LOWER RATE = 80 ppm (750 ms) 
UPPER RATE = 120 ppm (500 ms) 
AV INTERVAL = 250 ms 

PVARP = 200 ms 


x THRESHOLD MARGIN 
MAGNET TEST 








































































































AV DESYNCHRONIZATION 





ENDLESS LOOP TACHYCARDIA 









































Fig. 5. Initiation of AV desynchronization arrhythmia and endless loop tachycardia (ELT) during 
normal DDD pacing in a patient with an Intermedics (No. 283-01) Cosmos DDD pulse generator. 
Application of the magnet generates a threshold margin test followed by an AV desynchronization 
arrhythmia. During the threshold margin test, the fifth atrial stimulus in the magnet sequence becomes 
subthreshold because of an automatic 50% reduction of its pulse duration. Removal of the magnet (on the 
right) precipitates ELT. Three ECG leads were recorded simultaneously. (See text for details.) 


Notching of the ST segment is no longer seen because 
retrograde P waves are absent. The absence of retrograde 
VA conduction provides presumptive evidence that the 
atrial stimuli (preceding the ventricular stimuli by 100 
msec) capture the atrium. The fourth ventricular paced 
beat in the magnet sequence is not preceded by an atrial 
stimulus because the pulse generator conforms to its 
implied atrial upper rate limitation, also equal to 100 
ppm.” The omitted atrial stimulus causes AV dissocia- 
tion and leads to retrograde VA conduction. The succeed- 
ing atrial stimulus is released during the atrial myocardial 
refractory period initiated by the preceding retrograde 
atrial depolarization. An AV desynchronization arrhyth- 
mia” is initiated and continues as long as the magnet 
remains over the pulse generator. In the bottom trace of 
Fig. 4, upon withdrawal of the magnet, ELT restarts at a 
rate of 100 ppm. Repeated applications and removals of 
the magnet produced the same results, with termination 
of ELT followed by initiation of an AV desynchronization 
arrhythmia and return of ELT upon magnet removal. Fig. 
4 (bottom right) shows the delivery of chest wall stimula- 
tion (CWS). The first two CWS signals were unsensed 
because of low amplitude. The amplitude of CWS was 
increased so that the ventricular channel sensed the third 
CWS signal with immediate termination of ELT. 


Case No. 3. initiation of magnet unresponsive endless 
loop tachycardia by application of the magnet during 
normal DDD pacing. Development of AV desynchroniza- 
tion arrhythmia during threshold margin test and con- 
version to endless loop tachycardia upon magnet 
removal. Fig. 5 shows the ECG (three leads recorded 
simultaneously) of a patient with an Intermedics (Inter- 
medics, Inc., Freeport, Texas) Cosmos 283-01 unipolar 
pulse generator programmed to the following settings: 
lower rate interval = 750 msec (rate = 80 ppm), upper rate 
interval = 500 msec (rate = 120 ppm), AV interval = 250 
msec, PVARP = 200 msec, trial output 2.7 V at 0.4 msec. 
On the left of the figure, during spontaneous pacing, the 
atrial stimulus captures the atrium and the resultant 
conducted QRS complex is deformed by a ventricular 
stimulus (pseudofusion). Application of the magnet (ar- 
row) converts the pulse generator to the DOO mode. The 
first four pacing cycles (five pairs of atrial and ventricular 
stimuli) correspond to a rate of 90 ppm (666 msec) and AV 
delay of 100 msec.” The pulse width remains at its 
programmed value except for the fifth pair of stimuli, 
when it drops to half the programmed value for both atrial 
and ventricular outputs to provide a threshold margin 
test.” After the fifth pair of stimuli, the pulse generator 
begins to pace at the programmed rate, AV interval, and 
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Fig. 6. Diagrammatic representation of AV desynchronization arrhythmia. VACT = retrograde VA 
conduction time; AMRP = atrial myocardial refractory period; Ap = atrial stimulus; Vp = ventricular 
stimulus. There is relatively slow retrograde VA conduction. The first ventricular paced beat causes 
retrograde VA conduction. The retrograde P wave (P’) is unsensed because it falls within the 
post-ventricular atrial refractory period (PVARP) during DDD pacing or because the magnet causes DOO 
pacing. At the completion of the atrial escape (pacemaker VA) interval, the pacemaker issues an atrial 
stimulus (Ap) falling too close to the preceding P wave and therefore still within the AMRP engendered by 
the preceding retrograde atrial depolarization. Ap is therefore ineffectual. Barring any perturbations, this 


process becomes self-perpetuating. 


pulse width. The low output atrial stimulus of the fifth 
pair of stimuli fails to capture the atrium and causes AV 
dissociation. The succeeding (fifth) paced ventricular beat 
produces retrograde VA conduction, as judged by a change 
in the configuration of the apex of the T wave. Retrograde 
atrial depolarization causes refractoriness of the atrial 
myocardium for the succeeding atrial stimulus (preceding 
the sixth ventricular paced beat). The ineffectual atrial 
stimulus initiates an AV desynchronization arrhythmia” 
with the retrograde P waves deforming the T wave of the 
paced ventricular beats. Removal of the magnet (on the 
right of the figure) converts AV desynchronization 
arrhythmia to ELT. Although the retrograde P waves are 
not clearly discernible, the VACT during ELT may be 
calculated because the ELT rate is slower than the 
programmed upper rate. The cycle length of the ELT (580 
msec) must be equal to the sum of the VACT and the 
programmed AV delay (250 msec). The VACT is therefore 
approximately 330 msec. Repeated application of the 
magnet during ELT converted the tachycardia (indirect- 
ly) to an AV desynchronization arrhythmia with immedi- 
ate reversion to ELT when the magnet was removed. The 
ELT was easily terminated by CWS as in cases No. 1 and 
2. The threshold for atrial pacing was subsequently deter- 
mined to be about 2.7 V at 0.3 msec, suggesting that the 
fifth atrial stimulus during the magnet sequence was 
indeed subthreshold. The atrial output was then pro- 
grammed to 5.4 V at 0.5 msec, with all the other parame- 


ters unchanged. Application of the magnet over the pulse 
generator failed to produce AV desynchronizatior 
arrhythmia, and removal of the magnet did not induce 
ELT. , 


DISCUSSION 


Mechanisms of magnet unresponsive endless loop 
tachycardia 

1. Direct conversion of ELT to an AV desynchro- 
nization arrhythmia upon application of the mag- 
net. Atrial stimulation with an output above the 
atrial pacing threshold may not capture the atrium 
in the presence of (unsensed) retrograde VA conduc- 
tion if the atrial escape (pacemaker VA) interval is 
shorter than the sum of the VACT and the effective 
refractory period of the atrial myocardium. In this 
situation, the atrial stimulus falls within the refrac- 
tory period of the atrial myocardium and atrial 
capture is ineffectual (Fig. 6). When this mechanism 
becomes self-perpetuating, it produces a form of AV 
synchrony we have called AV desynchronization 
arrhythmia.""" The predisposing factors for the 
development of AV desynchronization arrhythmia 
include a prolonged VACT, a relatively fast pro- 
grammed lower rate, and a relatively long AV delay 
so that the atrial escape (pacemaker VA) interval 
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becomes relatively short and the atrial stimulus is 


emitted early in relation to the preceding retrograde 
atrial depolarization. Application of the test magnet 
over a DDD pulse generator generally converts it to 
the asynchronous DOO mode, often with an increase 
in the pacing rate and a temporary shortening of the 
AV interval, depending on the manufacturer of the 
pulse generator. 7! A relatively fast DOO pacing 
rate upon magnet application may therefore convert 
ELT to a slower AV desynchronization arrhythmia 
without ever changing VA synchrony or the relation- 
ship between a paced ventricular beat and retro- 
grade atrial depolarization. AV desynchronization is 
slower, but physiologically similar to ELT, and both 
represent different manifestations of VA synchro- 
ny.’ Upon withdrawal of the magnet and restoration 
of atrial sensing, AV desynchronization arrhythmia 
is immediately converted to ELT (Figs. 1 and 2). 

2. Termination of ELT upon application of the 
magnet with subsequent development of AV 
desynchronization arrhythmia. Under certain cir- 
cumstances, application of the magnet actually ter- 
minates ELT by abolishing retrograde VA conduc- 
tion, but another mechanism subsequently initiates 
an AV desynchronization arrhythmia and sets the 
stage for reversion to ELT upon magnet removal. 

A. OMISSION OF AN ATRIAL STIMULUS DURING THE MAG- 
NET SEQUENCE. Medtronic Symbios pulse generators 
(Nos. 7005 and 7006, Medtronic, Inc.), programmed 
to an upper rate of 100 ppm and an AV interval of 
225 or 250 msec, omit a single atrial stimulus during 
the magnet sequence” so as to.conform to the atrial 
-upper rate limitation.” The missing atrial stimu- 
lus causes AV dissociation and, in the presence of 
retrograde VA conduction, this initiates an AV 
desynchronization arrhythmia that persists as long 
as the magnet remains in place. ELT occurs imme- 
diately upon magnet removal (Fig. 4). 

B. LOSS OF ATRIAL CAPTURE FROM THRESHOLD MARGIN 
TEST. In some pulse generators, application of the 
magnet produces a sequence with an automatic 25% 
to 50% reduction of the pulse width in a specific 
single pair of atrial and ventricular stimuli. 1% 21 
This provides a threshold margin test reflecting the 
safety margin of the programmed output. During 
the magnet sequence, AV dissociation will occur if 
the lower output of the atrial test stimulus drops 
below the threshold for atrial pacing. The succeed- 
ing ventricular paced beat may cause retrograde VA 
conduction, with the establishment of an AV 
desynchronization arrhythmia, in the same way as 
omission of a single atrial stimulus with the Med- 
tronic Symbios pulse generators. ELT occurs imme- 
diately upon magnet removal. 
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C. CONTINUAL PREEMPTIVE ATRIAL DEPOLARIZATION 
BEFORE EMISSION OF THE ATRIAL STIMULUS. During mag- 
net application, an atrial stimulus may be ineffectu- 
al when it falls within the atrial myocardial refracto- 
ry period generated by a preceding atrial depolariza- 
tion from a sinus, retrograde, or ectopic P wave. This 
may initiate an AV desynchronization arrhythmia 
that will lead to ELT upon magnet removal.?**% 
This ELT may become temporarily unresponsive 
to repeated magnet application and removal because 
of a fortuitous relationship of the atrial stimulus to 
the preceding atrial depolarization. Eventually, 
with continual magnet application, the - develop- 
ment of AV desynchronization arrhythmia will 
be avoided and ELT will not occur upon magnet 
removal. 

3. Inoperative magnet function. The magnet 
function of some DDD pulse generators may be 
permanently disabled ‘by a special programming 
command.” All Pacesetter (Pacesetter, Ine., Syl- 
mar, Calif.) AFP (Advanced Function Pacing sys- 
tem) DDD pulse generators are automatically pro- 
grammed to the “magnet off” function after interro- 
gation and transmission of data by telemetry to the 
special -programming head. In this state, the pace- 
maker will not revert to the dual-chamber asynchro- 
nous (DOO) mode upon application of the magnet. 
Such a pulse generator may be inadvertently left in 
the “magnet off” function because interrogation is 
usually the last task of pacemaker evaluation. Res- 
toration of the asynchronous (DOO) mode response 
by the magnet requires reprogramming the pulse 
generator back to the “magnet on” function. In the 
CPI (Cardiac Pacemakers, Inc., St. Paul, Minn.) 
Delta DDD pulse generator, the magnet func- 
tion may also be permanently disabled, but this 
requires a more deliberate programming step and 
it is unlikely that such a pulse generator would be 
left unknowingly in the disabled magnet mode as 
may occur with the Pacesetter DDD pulse genera- 
tor. 

4. Initiation of magnet unresponsive ELT during 
normal DDD pacing by application of the magnet. 
Occasionally, application and removal of the magnet 
during normal DDD pacing may also precipitate 
magnet unresponsive ELT. This is caused by the 
initiation of AV desynchronization arrhythmia 
related to the omission of an atrial stimulus during 
the magnet sequence (Medtronic Symbios DDD 
pulse generators) or by loss of atrial capture from a 
subthreshold atrial stimulus during a threshold mar- 
gin test in a patient with an elevated atrial threshold 
or an inappropriately programmed pulse generator 
(Fig. 5). Once initiated, such an ELT cannot be 
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terminated by conventional application and removal 
of the magnet. 

Magnet unresponsive ELT may also be precipi- 
tated by removal of the magnet from a Pacesetter 
AFP DDD pulse generator in the “magnet off’ 
function. In the “magnet off’ function, removal of 
the magnet produces tiny signals that may be sensed 
by the atrial channel of the DDD pulse generator.” 
These sensed atrial signals may cause AV dissocia- 
tion and precipitate ELT. This ELT will be magnet 
unresponsive as long as the pulse generator func- 
tions in the “magnet off” state.” 

Termination of magnet unresponsive ELT by loss of 
retrograde VA conduction. In the absence of an appro- 
priate programmer, magnet unresponsive ELT can 
be terminated in a variety of ways. Carotid sinus 
massage may occasionally be successful by causing 
block of retrograde VA conduction. Pharmacologic 
therapy to block retrograde VA conduction is gener- 
ally not. reeommended.?“ Any sensed premature 
ventricular event (QRS, chest wall stimulus,” etc.) 
without accompanying retrograde VA conduction 
can easily disrupt VA synchrony and terminate 
ELT. CWS sensed by the ventricular channel can 
easily terminate ELT by separating atrial and ven- 
tricular events with loss of VA synchrony. Because 
retrograde VA conduction cannot occur after a 
sensed CWS, AV synchrony is restored by the 
emergence of a sensed sinus P wave or by the 
delivery of an atrial stimulus capturing the atrium at 
the completion of the atrial escape (pacemaker VA) 
interval (initiated by ventricular sensing of the 
CWS). CWS may also be useful in the occasional 
patient with ELT where application of the magnet 
(or magnets) over the pulse generator produces an 
insufficient magnetic field to actuate either a normal 
or malfunctioning reed switch responsible for con- 
version to the asynchronous mode.” 
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Mexitil™ 
(mexiletine hydrochloride) 
Oral Antiarrhythmic 


Brief Summary of Prescribing Information 


CONTRAINDICATIONS: Mexiti!™ (mexiletine hydrochloride) is contraindicated in the presence of 
cardiogenic shock or pre-existing second- or third-degree AV block (if no pacemaker is present). 
PRECAUTIONS: General: if a ventricular pacemaker is operative, patients with second or third 
degree heart block may be treated with Mexitil™ (mexiletine hydrochloride) if continuously moni- 
tored. A limited number of patients (45 of 475 in controlled clinical trials) with pre-existing first degree 
AV block were treated with Mexitil; none of these patients developed second or third degree AV 
block. Caution should be exercised when it is used in such patients or in patients with pre-existing 
sinus node dysfunction or intraventricular conduction abnormalities. 
Like other antiarrhythmics Mexitil can cause worsening of arrhythmias. This has been uncommon in 
patients with less serious arrhythmias (frequent premature beats or non-sustained ventricular 
tachycardia: see ADVERSE REACTIONS), but is of greater concern in patients with life-threatening 
arrhythmias such as sustained ventricular tachycardia. In patients with such arrhythmias subjected 
to programmed electrical stimulation or to exercise provocation, 10-15% of patients had exacerba- 
tion of the arrhythmia, a rate not greater than that of other agents. 
Mexitil should be used with caution in patients with hypotension and severe congestive heart failure. 
Since Mexitil is metabolized in the liver, and hepatic impairment has been reported to prolong the 
elimination half-life of Mexitil, patients with liver disease should be followed carefully while receiving 
Mexitil. The same caution should be observed in patients with hepatic dysfunction secondary to 
congestive heart failure. 
Concurrent drug therapy or dietary regimens which may markedly alter urinary pH should be 
avoided during Mexitil therapy. The minor fluctuations in urinary pH associated with normal diet do 
not affect the excretion of Mexitil. 
SGOT Elevation and Liver Injury: In three-month controlled trials, elevations of SGOT greater 
than three times the upper limit of normal occurred in about 1% of both mexiletine-treated and 
control patients. Approximately 2% of patients in the mexiletine compassionate use program had 
elevations of SGOT greater than or equal to three times the upper limit of normal. These elevations 
frequently occurred in association with identifiable clinical events and therapeutic measures such 
as congestive heart failure, acute myocardial infarction, blood transfusions and other medications. 
These elevations were often asymptomatic and transient, usually not associated with elevated 
bilirubin levels and usually did not require discontinuation of therapy. Marked elevations of SGOT 
(>1000 U/L) were seen before death in four patients with end-stage cardiac disease (severe 
congestive heart failure, cardiogenic shock). 
In foreign marketing experience rare instances of severe liver injury, including hepatic necrosis, have 
been reported in association with Mexitil treatment. It is recommended that patients in whom an 
abnormal liver test has occurred, or who have signs or symptoms suggesting liver dysfunction, be 
carefully evaluated. If persistent or worsening elevation of hepatic enzymes is detected, considera- 
tion should be given to discontinuing therapy. 
Blood Dyscrasias: Blood dyscrasias were not seen in the controlled trials. Among 10,867 patients 
treated with mexiletine in the compassionate use program, marked leukopenia (neutrophils less 
than 1000/mm3) or agranulocytosis were seen in 0.06%, and milder depressions of leukocytes were 
seen in 0.08%, and thrombocytopenia was observed in 0.16%. Many of these patients were 
seriously ill and receiving concomitant medications with known hematologic adverse effects 
Rechallenge with mexiletine in several cases was negative. Marked leukopenia or agranulocytosis 
did not occur in any patient receiving Mexitil alone: five of the six cases of agranulocytosis were 
associated with procainamide (sustained release preparations in four) and one with vinblastine. If 
significant hematologic changes are observed, the patient should be carefully evaluated, and, if 
warranted, Mexitil should be discontinued. Blood counts usually return to normal within one month 
of discontinuation. (See ADVERSE REACTIONS.) 
Convulsions (seizures) did not occur in Mexitil controlled clinical trials. In the compassionate use 
Program, convulsions were reported in about 2 of 1000 patients. Twenty-eight percent of these 
Patients discontinued therapy Convulsions were reported in patients with and without a prior history 
of seizures. Mexiletine should be used with caution in patients with known seizure disorder. 
Drug Interactions: in a large compassionate use program Mexitil has been used concurrently 
with commonly employed antianginal, antihypertensive, and anticoagulant drugs without observed 
interactions. A variety of antiarrhythmics such as quinidine or propranolol were also added, 
sometimes with improved control of ventricular ectopy. When phenytoin or other hepatic enzyme 
inducers such as rifampin and phenobarbital have been taken concurrently with Mexitil, lowered 
Mexitil plasma levels have been reported. Monitoring of Mexitil plasma levels is recommended 
during such concurrent use to avoid ineffective therapy. 
In a formal study, benzodiazepines were shown not to affect Mexitil plasma concentrations. ECG 
intervals (PR, QRS and QT) were not affected by concurrent Mexitil and digoxin, diuretics, or 
propranolol 
Concurrent administration of cimetidine and Mexitil has been reported to increase, decrease, or 
leave unchanged Mexitil plasma levels: therefore patients should be followed carefully during 
concurrent therapy. 
Mexitil does not alter serum digoxin levels, but magnesium-aluminum hydroxide, when used to treat 
garoniestnal symptoms due to Mexitil, has been reported to lower serum digoxin levels 

re have been isolated reports of increased plasma theophylline levels following concomitant 
administration of Mexitil. 
Carcin is, Mutagenesis and Impairment of Fertility: Studies of carcinogenesis in rats 
(24 months) and mice (18 months) did not demonstrate any tumorigenic potential. Mexitil was found 
to be non-mutagenic in the Ames test. Mexitil did not impair fertility in the rat. 
Pregnancy/Teratogenic Effects 
Pregnancy Category C: Reproduction studies performed with Mexitil in rats, mice and rabbits at 
doses up to four times the maximum human oral dose (20 mg/kg in a 50 kg patient) revealed no 
evidence of teratogenicity or impaired fertility but did show an increase in fetal resorption. There are 
no adequate and well-controlled studies in pregnant women; this drug should be used in preg- 
nancy only if the potential benefit justifies the potential risk to the fetus 
Nursing hers: Mexitil appears in human milk in concentrations similar to those observed in 
plasma. Therefore, if the use of Mexitil is deemed essential, an alternative method of infant feeding 
should be considered. 
Pediatric Use: Safety and effectiveness in children have not been established 
ADVERSE REACTIONS: Mexitil®™ (mexiletine hydrochloride) commonly produces reversible 
gastrointestinal and nervous system adverse reactions but is otherwise well tolerated. Mexitil has 
been evaluated in 483 patients in one-month and three-month controlled studies and in over 10,000 
patients in a large compassionate use program. Dosages in the controlled studies ranged from 
600-1200 mg/day; some patients (8%) in the compassionate use program were treated with higher 
daily doses (1600-3200 mg/day). In the three-month controlled trials comparing Mexitil to quinidine, 
procainamide and disopyramide, the most frequent adverse reactions were upper gastrointestinal 
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distress (41%), lightheadedness (10.5%), tremor (12.6%) and coordination difficulties (10.2%). 
Similar frequency and incidence were observed in the one-month placebo-controlled trial. Although 
these reactions were generally not serious, and were dose-related and reversible with a reduction in 
dosage, by taking the drug with food or antacid or by therapy discontinuation, they led to therapy 
discontinuation in 40% of patients in the controlled trials. A tabulation of the adverse events reported 
in the one-month placebo-controlled trial follows: 

Comparative Incidence (%) of Adverse Events among Patients Treated with Mexiletine 
and Placebo in the 4-Week, Double-Blind Crossover Trial 


Mexiletine 
N=53 


Placebo 
N=49 

Cardiovascular 

Palpitations 

Chest Pain 

Increased Ventricular Arrhythmias/PVC's 
Digestive 

Nausea/Vomiting/Heartourn 
Central Nervous System 

Dizziness/Lightheadedness 

Tremor 

Nervousness 

Coordination Difficulties 

Changes in Sleep Habits 

Paresthesias/Numbness 

Weakness 

Fatigue 

Tinnitus 

Cunfusion/Clouded Sensorium 
Other 

Headache 7. 

Blurred Vision/Visual Disturbances 7 
Dyspnea/Respiratory 5. 
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Rash 
Non-specific Edema 


A tabulation of adverse reactions occurring in one percent or 
controlled studies follows: 


Comparative Incidence (%) of Adverse Events among Patients Treated with Mexiletine or 
Control Drugs in the 12-Week, Double-Blind Trials 


Mexiletine Quinidine Procainamide Disopyramide 
N=430 N=262 N=78 N=69 


ore of patients in the three-month 


Cardiovascular 
Palpitations 43 46 13 
Chest Pain 26 34 13 
Angina/Angina-like Pain {i7 19 26 
Increased Ventricular 

Arrhythmias/PVC's 10 27 26 

Digestive 

Nausea/Vomiting/ 
Heartburn 39 21.4 
Diarrhea 5 
Constipation 4 
Changes in Appetite 2 
Abdominal Pain/Cramps/ 
Discomfort 1 

Central Nervous System 

Dizziness/ 
Lightheadedness 
Tremor 
Coordination Difficulties 
Changes in Sleep Habits 
Weakness 
Nervousness 
Fatigue 
Speech Difficulties 
Confusion/Clouded 
Sensorium 
Paresthesias/Numbness 
Tinnitus 
Depression 
r 
Blurred Vision/Visual 
Disturbances 
Headache 
Rash 
Dyspnea/Respiratory 
Dry Mouth 
Arthraigia 
Fever 
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Less than 1%: Syncope, edema, hot flashes, hypertension, short-term memory loss, loss of 
consciousness, other psychological changes, diaphoresis, urinary hesitancy/retention, malaise, 
impotence/decreased libido, pharyngitis. 
An additional group of over 10,000 patients has been treated in a program allowing administration of 
Mexitil under compassionate use circumstances. These patients were seriously ill with the large 
majority on multiple drug therapy. Twenty-four percent of the patients continued in the program for 
one year or longer. Adverse reactions leading to therapy discontinuation occurred in 15% of patients 
(usually upper gastrointestinal system or nervous system effects). In general, the more common 
adverse reactions were similar to those in the controlled trials. Less common adverse events 
Possibly related to Mexitil use include: 
Cardiovascular System: Syncope and hypotension, each about 6 in 1000; bradycardia, about 
4 in 1000; angina/angina-like pain, about 3 in 1000; edema, atrioventricular block/conduction 
disturbances and hot flashes, each about 2 in 1000; atrial arrhythmias, hypertension and 
cardiogenic shock, each about 1 in 1000. 
Central Nervous System: Short-term memory loss, about 9 in 1000 patients; hallucinations and 
other psychological changes, each about 3 in 1000; psychosis and convulsions/seizures, 
each about 2 in 1000; loss of consciousness, about 6 in 10,000, 
Digestive: Dysphagia, about 2 in 1000; peptic ulcer, about 8 in 10,000; upper gastrointestinal 
bleeding, about 7 in 10,000; esophageal! ulceration, about 1 in 10,000. 
Laboratory: Abnormal liver function tests, about 5 in 1000 patients; positive ANA and thrombo- 
cytopenia, each about 2 in 1000; leukopenia (including neutropenia and agranulocytosis). 
about 1 in 1000; myelofibrosis, about 2 in 10,000 patients. 
Other: Diaphoresis, about 6 in 1000; altered taste, about 5 in 1000; salivary changes, hair loss 
and impotence/decreased libido, each about 4 in 1000; malaise, about 3 in 1000; urinary 
hesitancy/retention, each about 2 in 1000; hiccups, dry skin, laryngeal and pharyngeal 
changes and changes in oral mucous membranes. each about 1 in 1000; SLE syndrome, 
about 4 in 10,000. 
Hematology: Blood dyscrasias were not seen in the controlled trials but did occur among the 
10,867 patients treated with mexiletine in the compassionate use program: (See PRECAUTIONS). 
Myelofibrosis was reported in two patients in the compassionate use program; one was receiving 
-term thiotepa therapy and the other had pretreatment myeloid abnormalities. 
HOW SUPPLIED: 
Mexitil™ (mexiletine hydrochloride) is supplied in hard gelatin capsules containing 150, 200 or 250 
of mexiletine hydrochloride in bottles of 100 and individually blister-sealed unit-dose cartons of 100. 


Consult package insert before prescribing. ME 4063 R-1 
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High- frequency electrocardiography: An 
evaluation of lead placement and measurements 


Before there is widespread Clinical application of the high-frequency ECG, differences resulting 
from the leads used and the measurement criteria for late potentials must be resolved. Therefore 
113 consecutive patients without resting QRS conduction abnormalities referred for Holter 
monitoring were studied. Four different lead systems were used: a standard bipolar orthogonal 
lead system and three bipolar lead systems mapping the left ventricle. Measurements made of 
late potentials included normal and high-frequency QRS duration, their difference, the duration of 
low-amplitude signals (<40 uV) in the terminal QRS, and the root mean square of the last 40 
msec of the high-frequency QRS duration. We found that the left ventricular leads tended to give 
more abnormal measurements than the orthogonal system and that the various measurements 
failed to agree with each other. In addition, even in this population in which abnormalities of QRS 
conduction were excluded, the late potential measurements tended to be more abnormal as QRS 


duration lengthened. These differences in lead systems and measurement criteria must be 
considered when clinically applying information regarding late potentials measured from the 


high-frequency ECG. (Am Heart J 1988;116:733.) 


J. Edwin Atwood, MD, Jonathan Myers, MA, Susan Forbes, RN, Patrick Hall, MD, 
Robert Friis, PhD, Gilberto Marcondes, MD, David Mortara, PhD, and 


Victor F. Froelicher, MD. Long Beach, Calif. 


The identification of patients at risk for sudden 
death or syncope as a result of ventricular irritabili- 
ty continues to present a challenge. Both routine 
ECG and Holter monitoring are of limited value in 
the identification of these patients, and electrophys- 
iologic studies that use programmed stimulation are 
invasive and costly. High-frequency recordings with 
amplification and signal averaging of the surface 
ECG have been used to detect low-amplitude signals 
occurring late in the QRS complex or early in the ST 
segment. These signals are hypothesized to repre- 
sent areas of delayed depolarization and have been 
associated with ominous ventricular arrhythmias in 
post-myocardial infarction patients and ‘other 
groups." However, there have been many 
approaches to investigating these signals including a 
variety of lead systems and, in addition to visual 
recognition,- various computer-derived measure- 
ments have been advocated. In light of this lack of 
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standardization, we addressed the following -ques- 
tions: (1) How do different lead systems affect the 
recording of surface late potentials; and’ (2) how do 
the late potential measurements relate to one anoth- 
er? To focus on these questions a relatively low-risk 
but clinically appropriate group of patients was 
chosen without consideration of outcome. 


METHODS 


` Patients. A total of 113 male patients (mean age 
63 + 11 years; range 25.to 36), referred to the cardiology 
section of the Long Beach Veterans Administration Med- 
ical Center for Holter monitoring, were: included. in the 
study. Patients with right or left bundle branch. block, 
marked intraventricular conduction defects (QRS dura- 
tion greater than 120 msec), and atrial fibrillation or 
flutter were excluded. Twenty-three of the 113 patients 
had had previous myocardial infarction, and 14 of these 23 
were receiving class I antiarrhythmic drugs at. the time of 
evaluation. Clinical characteristics of the patients are 
shown in Table I. : 

Electrocardiography. The ECGs were recorded and 
processed by means of an Arrhythmia Research. Technol- 
ogy model-101 high-resolution electrocardiograph (Morta- 
ra Instrument, Milwaukee, Wis.). These algorithms have 
been described in detail previcusly.+* All patients were in 
normal sinus rhythm. First a standard orthogonal three- 
dimensional lead system was used (XYZ). Lead X con- 
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Fig. 1. Placement of positive and negative electrodes for 
XYZ lead system. 


sisted of electrodes positioned at the right (—) and left (+) 
midaxillary lines at the V5 level. Lead Y consisted of 
electrodes placed at the superior aspect of the manubrium 
(—) and at the inferior part of the sternum (+). For lead Z 
electrodes were positioned in the fifth intercostal space at 
the left lateral sternal border (+) and at an identical 
position on the posterior chest (—). Other lead systems 
were precordial; the negative XYZ électrodes were placed 
medial to the right anterior deltoid border, 2 cm below the 
clavicle. Positive precordial electrodes were placed in the 
fifth, sixth, and seventh intercostal spaces, first on the 
anterior axillary line (AAL) and second on the midaxillary 
line (MAL). Patients were in the supine position for these 
three placements. Last, patients. were turned toward the 
left side with the MAL lead system in place for a recording 
called the left lateral decubitus (LLD). These electrode 
positions are shown in Figs. 1 and 2. 

Aberrant, nonsinus, and very noisy beats were rejected 
by a template algorithm. Averaging included at-least 250 
beats, and recording was not begun until noise levels were 
below 0.5 uV. Mean noise levels: during the orthogonal 
recordings for all patients were 0.49 + 0.18 uV. Data from 
each lead system recorded were filtered with a high-pass 
bidirectional digital filter with initial and final band 
passes of 0.05 to 300 and 25 to 250 Hz, respectively. 
Signals were amplified by 1000 for each patient. The 
filtered signals from the three electrode combinations 
(EC1, EC2, and EC3) were combined into a vector magni- 
tude equal to the square root of (ECI? + ECZ + EC3?). 
This measurement combines the high-frequency informa- 
tion from all three electrode combinations. The onset and 
offset points located on the filtered vector magnitude and 
the following measurements were determined by comput- 
er algorithms. 
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Table I. Clinical characteristics of 118 patients referred for 
Holter monitoring - 








Clinical characteristics No. of patients % 
Coronary artery disease 25 22 
Myocardial infarction 23 20 

Inferior 15 i 13 

Anterior : 3 3 

Lateral 4 3 

Posterior 4 4 
Medications 

Nitrates 18 16 

Antiarrhythmics 14 12 

Beta-blocking agents 9 8 

Calcium-blocking agents 11 10 

Digoxin 9 8 
Holter monitoring 

Supraventricular éctopy 55 49 

Ventricular ectopy 

Premature ventricular 42 37 
contractions 

Bigeminy 38 34 

Couplets 27 24 

Sustained ventricular 5 4 
tachycardia 











QRSD. QRS duration (in milliseconds) was determined 
after wide band-pass filtering (0.05 to 300 Hz) and before 
high-pass filtering by means of standard ECG computer 
algorithms. ; 

HFQRSD. High-frequency total QRS duration (in milli- 
seconds) was obtained after high-pass bidirectional digital 
filtering. The same QRS onset was used as previously 
described, but the offset was determined as follows: 
initially the root mean square of the noise is determined. 
Moving backward from the end of the ST segnient, the 
end of the HFQRSD occurs at the point where the 
standard deviation of the noise is exceeded by 2.5 times. 

HFDIF. This is the difference (in milliseconds) between 
the QRSD and HFQRSD. HFQRSD can be smaller than 
QRSD because the algorithms differ for determining 
offset. A longer HFDIF would suggest more late potential 
activity. i 

HFD40. This is the duration (in milliseconds) of the 
high-frequency components less than 40 uV in amplitude, 
occurring in the terminal portion of the filtered QRS 
complex. The HFD40 is determined backward from the 
HFQRSD offset point described previously until the 
high-frequency: signals exceed 40 uV. A longer HFD40 
suggests more late potential activity. 

_HFRMS. The root mean square (in microvolts) of the 
last 40 msec of the total high-frequency duration is the 
HFRMS. The greater the amplitude the more the actual 
QRS complex is included in the measurement relative to 
low-amplitude late potentials (i.e., the more normal it 
is). 

Visual analysis. Three physicians with experience in 
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Table Il. Reproducibility of high-frequency measurements 
in the standard lead in 15 patients with high blood 
pressure studied within 1 week 





QRSD HFQRSD HFD40 HFRMS 
(msec) (msec) (msec) (uV) 
Mean (SD) 103.6(18.1) 108.6(27)  25.6(12) 68.3(63) 
_ day 1 
Mean (SD) 105.6(16.1) 110.4(26) 25.3(12)  55.2(85) 
day 2 
Difference 2.0 1.8 0.03 13.1 
r 0.97 0.99 0.97 0.83 
p Value for <0.001 <0.001 <0.001 <0.001 


correlation 








high-frequency ECGs evaluated all 113 recordings in the 
standard lead and collectively graded each by means of a 
five-point grading system (1 = normal; 5 = most abnor- 
mal). Readers were blinded as to patients’ names, clinical 
history, and computer measurements. Visual criteria were 
based on a terminal peak amplitude of less than 25 aV, 
and a numerical grade was assigned based on the duration 
of at least two peaks: 1 = 24 msec or less; 2 = 25 to 29 
msec; 3 = 30 to 34 msec; 4 = 35 to 39 msec, and 5 = >40 
msec. 

Reproducibility. To evaluate day-to-day variations in 
the computer-derived high-frequency ECG measure- 
ments, 15 hypertensive but otherwise healthy men were 
studied initially and between 1 and 7 days later. 

Statistics. Means, standard deviations, correlation 
coefficients, and analyses of variances between leads, 
visual and computer high-frequency measurements, and 
between days were determined by means of the BMDP 
statistical program. 


RESULTS 


Reproducibility. Day-to-day variations in the 
orthogonal (XYZ) lead measurements for the 15 
hypertensive patients are shown in Table II. No 
significant differences occurred between days in any 
of the measurements. Correlation coefficients 
between days ranged from 0.83 to 0.97 (p < 0.001) 
demonstrating the most variability in the HFRMS 
measurements. 

Results of the blinded independent visual analysis 
showed three of three agreement on 76% of the 
tests; in 98% of the readings there was two of three 
agreement, and no agreement occurred in 2% of the 
readings. With the use of strictly a normal (rating of 
1 on a 5-point scale) as opposed to an abnormal (2 to 
5 rating) judgment, there was a discrepancy among 
readers in 18 (16%) of the tests. 

Comparison of lead systems. Table III shows the 
mean values for the high-frequency measurements 
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Fig. 2. Placement of positive electrodes for left ventricu- 
lar leads. 


contrasted among the various leads. Repeated-mea- 
sures analysis of variance showed that the mean 
scores differed significantly among QRSD 
(p < 0.001), HFDIF (p < 0.001), HFD40 (p < 0.01), 
and HFRMS (p < 0.001) measurements. QRSD was 
longest in the orthogonal leads as would be expected 
because of its three-dimensional nature, but 
HFQRSD did not differ between leads. The largest 
HFRMS voltage, the shortest HFDIF, and the 
shortest HFD40 were observed orthogonally. Thus 
these measurements tended to be the most normal. 
It should be noted that the standard deviations were 
marked in some instances, particularly in HFRMS. 
The mean values for high-frequency measurements 
within each lead wəre within normal limits (the 
following cutoffs were used as abnormal: HFQRSD 
>120 msec, HFD40 >40 msec, HFRMS <25 mV). 

Table IV shows the correlation coefficients 
between high-frequency measurements in lead 
placements on the MAL, AAL, and LLD versus the 
orthogonal measurements. Although HFQRSD mea- 
surements in the other three lead systems were 
reasonably correlated with the orthogonal measure- 
ments (0.74 to 0.75, p < 0.001), the other measure- 
ments correlated poorly (range, 0.12 to 0.63). The 
pocr relationships suggest that different leads yield 
different information (Table III). 

Table V shows the correlation coefficients in lead 
placements in the AAL and LLD versus measure- 
ments made in the MAL. Although QRSD and 
HFQRSD were again reasonably similar between 
leads (r = 0.79 to 0.85, p < 0.001), the remaining 
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Table IIl. Mean (+SD) values for high-frequency measurements among the four lead systems 








Lead QRSD (msec) HFQRSD (msec) 
XYZ 101.8 (11) 104.0 (13) 
MAL 93.4 (13) 103.0 (15) 
LLD 95.5 (14) 104.2 (15) 
AAL 96.5 (17) 105.6 (14) 

p *Value <0.001 NS 





HFDIF (msec) HFD40 (msec) HFRMS (uV) 
2.3 (7) 23.9 (10) 90.2 (83) 
10.4 (12) 28.1 (12) 51.2 (49) 
8.7 (13) 26.9 (13) 65.5 (65) 
9.2 (15) 27.2 (10) 70.0 (77) 
<0.001 <0.01 <6.001 





XYZ = Standard three-dimensional leads; MAL = midaxillary line in fourth, fifth, and sixth intercostal spaces; LLD = MAL in left lateral decubitus 
position; AAL = anterior axillary lines in fourth, fifth, and sixth intercostal spaces; NS = not significant. 


_ Table IV. Correlation coefficients between high-frequency 
measurements in leads MAL, AAL, and LLD vs standard 
orthogonal (XYZ) lead measurements 








XYZ MAL AAL LLD 
QRSD 0.59 0.54 0.63 
HFQRSD 0.75 0.74 0.75 
HFDIF 0.26 0.23 0.12 
HFD40 0.42 0.53 0.38 
HFRMS 0.37 0.38 0.45 





correlations (range 0.52 to 0.66) were higher among 
the three left ventricular lead systems compared to 
the orthogonal system (Table IV). 

Of all patients with an abnormal HFD40 in any 
lead system who had multiple lead measurements 
(N = 18), only 39% were abnormal orthogonally. Of 
all patients with an abnormal HFRMS in any lead 
who had multiple measurements (N = 36), only 44% 
were abnormal in the orthogonal system. 

Comparison of measurements in the standard orthog- 
onal system. Table VI shows correlation coefficients 
within XYZ among all measurements including the 
visual score. Although many measurements were 
significantly correlated, the relationships were sur- 
prisingly poor. With the exception of the relation- 
ship between QRSD and HFQRSD (r= 0.82, 
p <0.001), no other variables were strongly corre- 
lated. The highest correlation between measure- 
ments of late potentials was 0.70 for HFD40 and the 
visual score. Because of their intrinsic opposite 
directions for normality or abnormality, HFRMS 
was negatively correlated with all of the other 
measurements. Because of the significant correla- 
tions with QRSD, it appears that HFQRSD, HFD40, 
HFRMS, and the visual score become more abnor- 
mal as QRSD lengthens. 

Figs. 3 and 4 show the relationship between 
HFRMS and HFD40 in XYZ. Fig. 3 shows the entire 
range of measurements, whereas Fig. 4 provides a 
larger scale in the abnormal range. The cutpoints for 


Table V. Correlation coefficients between high-frequency 
measurements in leads LLD and AAL vs lead MAL 








MAL LLD AAL 
QRSD 0.82 0.85 
HFQRSD 0.79 0.84 
HFDIF 0.58 0.52 
HFD40 0.60 0.64 
HFRMS 0.65 0.66 





normality indicate how these patients would be 
classified according to previously published criteria. 
Although more “abnormals” were detected by the 
HFRMS measurement, this measurement also has 
the greatest variability (Tables II and III). 


DISCUSSION 


Widespread appreciation of the signal-averaged 
ECG has been impeded by the many different 
approaches taken by investigators. Instrumentation, 
filtering, and lead systems have differed greatly 
from one study to another. Although visual recogni- 
tion was first used with vague criteria for late 
potentials, computer-based algorithms were later 
recommended. Table VII shows various criteria that 
have been used to define late potentials." Some 
studies have not defined the criteria used for late 
potentials. 

Oeff et al. recently reported marked differences 
in the interpretation of and inconsistencies between 
four different averaging systems. It is not surprising 
that the sensitivity, specificity, and predictive value 
of late potentials for differentiating patients with 
and without dangerous arrhythmias have been 
inconsistent. Therefore before evaluating the clini- 
cal usefulness of our techniques, we thought it 
appropriate to evaluate reproducibility, lead sys- 
tems, and the relationship between measurements 
made with the different means of defining late 
potentials. The lead systems compared included the 
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Table VI. Correlation coefficients between measurements 
in standard XYZ lead system 








Measurement QRSD HFQRSD HFDIF HFD40 HFRMS 


QRSD 1.0 

HFQRSD 0.82 1.0 

HFDIF 0.04* 0.60 1.0 

HFD40 0.30 0.50 0.46 1.0 

HFRMS —0.53 —0.63 -0.35 —0.47 1.0 
Visual score 0.30 0.48 0.42 0.70 —0.35 








*All other correlations were significant (p < 0.01). 


standard orthogonal XYZ system and three systems 
that placed all three positive electrodes over the left 
ventricle. 

Reproducibility. A reliable medical test is one that 
yields consistent results; its ability to reproduce 
results is thus critical to its diagnostic value. The 
presence of detectable late potentials on a second 
recording has been shown to occur in 90% of 
patients.“ In a study of normal subjects, Denes et 
al. reported correlation coefficients between 0.73 
and 0.90 on repeat measurements of terminal QRS 
voltage. This has been confirmed by similar findings 
from Richards et al.“ among 20 normal subjects. 
However, variability has been reported to be higher 
among patients early after acute myocardial infarc- 
tion.“ Rozanski et al. reported that although the 
morphology varied slightly in a given lead on differ- 
ent days, late potential activity was reproducible, 
even during antiarrhythmic intervention. The high 
day-to-day coefficients shown in Table I for the late 
potential measurements in the present study suggest 
excellent reproducibility for our measurement tech- 
niques in normal subjects. It appears, however, that 
late potential abnormalities are less reproducible, 
but this has yet to be adequately documented. 

Comparison of leads. Little work has been reported 
regarding the effect of electrode positioning on the 
detection of late potential activity. Although three- 
dimensional leads have most commonly been 
used,!” bipolar recordings have also been used.®7 
Data from Oeff et al.” suggest that bipolar leads 
placed over the left ventricle, such as the AAL, 
MAL, and LLD placements used in our study, are 
superior for detection of late potential activity. 
Body surface mapping has not confirmed this, how- 
ever.” 

Table III shows that although the mean values for 
the leads were similar except for XYZ, there was 
considerable interindividual variation among leads, 
particularly for HFRMS. Because of the three- 
dimensional nature of XYZ, QRSD was significantly 
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Table Vil. Filters and cutpoints used by other investiga- 








tors 
Filter Criteria 
Reference Yr (Hz) for abnormal 
Gomes et al.* (1985) 80 HFQRSD >120 
msec 
HFRMS <20 uV 
Simson et al! (1981) 25 HFQRSD >120 
msec 
HFRMS <40 uV 
Denes et al.'° (1983) 25 HFRMS <40 uV 
Breithardt et (1982) 100 Undefined 
al.’ 
Rozanski et (1981)  0,20,40,80 Undefined 
al.é 
Josephson et (1982) 40 HFRMS <25 uV 
s al." 
Zimmerman (198E) 50 Undefined 
et al? 
Denes et al.* (1984) 40 1= HFRMS <20 
uV 
2 = HFQRSD >120 
msec 
3 = HFD40 >39 
msec 
4 = HFRMS50* 
<30 uV 
Cain et al. (1984) Greater fast 
fourier transform 
analysis 
waveforms 
Goldberger et (1987) Lower RMS 
al? voltage 
Marcus et al? (1984) 25 Greater HFQRSD 


Lower HFRMS 
voltage 





*Root mean square amplitude of signals in the last 50 msec of QRS. 


longer when recorded with XYZ than with the other 
leads. The earliest and latest low-frequency QRS 
activation is detected in the anterior lead Z but may 
be missed in the lateral chest configurations. Never- 
theless the HFQRSD was similar with all four lead 
systems. These observations are contrasted by 
Rozanski et al who showed little difference 
between leads in recognizing late potential activity. 
Goldberger et alë reported that various inferior 
leads had little impact on the use of RMS values for 
the entire QRS complex to distinguish between 
normal subjects and patients with inferior myocar- 
dial infarction. 
Relationship between measurements. Although the 
correlations between the high-frequency measure- 
ments made orthogonally (as shown in Table VI) are 
mostly significant, they are certainly poor for mea- 
surements assumed to measure the same phenome- 
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Fig. 3. Relationship between HFRMS and HFD40 in 
standard XYZ lead (r = —0.47; p < 0.001). 


non. The highest correlation was found between the 
visual score and HFD40. The poor correlation 
between HF RMS, HFD40, and the visual score casts 
doubt on the validity of the HFRMS measure- 
ment. 

We cannot explain the apparent significant asso- 
ciation of the late potential measurements with 
QRSD, and particularly with HFQRSD; the visual 
score, HFRMS, and HFD40 tend to become more 
abnormal as HFQRSD lengthens. Perhaps an 
adjustment of the abnormal cutpoint according to 
QRSD is required when these measurements are 
used. It may be that the scarring associated with 
isolated areas of myocardium slows conduction. 
Measurement systems that do not take into account 
the QRSD have been reported to show a greater 
number of positive results." Worley et al. reported 
that QRSD was the most informative variable sepa- 
rating patients with ventricular tachycardia from 
normal subjects. In any case the markedly different 
relationships among high-frequency measurement 
parameters suggest that they are not equivalent 
indices. 

Many authors have acquired two or more high- 
frequency measurements simultaneously and com- 
pared their sensitivity. Simson et al! used 25 uV asa 
cutoff for normal/abnormal HFRMS and reported a 
92% sensitivity and 93% specificity for detecting 
patients with ventricular tachycardia. With 
HFQRSD, sensitivity and specificity were 72% and 
100%, respectively. Denes et al.? considered the 
presence of any two or more of the following as 
identifying late potentials: >20 nV for HFRMS, >30 
uV for HFRMS in the last 50 msec of the QRSD, 
<120 msec for HFQRSD, and <39 msec for HFD40. 
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Fig. 4. Relationship between HFRMS and HFD40 in 


_ standard XYZ lead; expanded scale in abnormal range. 


They reported a sensitivity of 66% and a specificity 
of 75%, but the calculated predictive value was only 
37%. They did not report the sensitivity of any of 
these parameters alone or that with the use of other 
criteria. With these criteria and with the present 
data, agreement between measurements was poor; 
among 28 patients meeting one of these criteria, in 
only four (17%) were all three measurements consis- 
tent in identifying a patient as abnormal. In 10 
patients (43%), two of the three criteria agreed, and 
in nine (39%) only one measurement was abnormal. 
Evidently the ideal measurement algorithm and/or 
cutpoint criterion has not been demonstrated. 

Limitations of this study. Although we have com- 
pleted a 1-year follow-up of this population and 
have considered their Holter recordings, there was 
not a sufficient number of findings or events to 
relate their high-frequency ECG measurements to 
outcome. Not surprisingly the patients with bundle 
branch block or intraventricular conduction defects 
who were excluded tended to have a higher event 
rate. 

This study was meant to be an investigation of 
methodology, particularly since there is no true 
“gold standard.” It could be argued that until there 
is an appropriate algorithm, visual analysis remains 
the best “standard.” We would urge that any study 
attempting to predict events consider measurements 
other than those recommended thus far. 

Conclusions. The following conclusions appear 
warranted on the basis of the present results: (1) 
computerized late potential measurements are 
reproducible in normal subjects; (2) the left ventric- 
ular leads tend to have more abnormal measure- 
ments than the standard orthogonal lead system; (3) 
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late potential measurements between several lead 
systems correlate poorly; (4) the recommended late 
potential measurements correlate poorly with one 
another; and (5) late potential measurements tend 
to be more abnormal as QRS duration lengthens, 
suggesting that a correction for QRS duration may 
be necessary. 
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Comparison of the effects of chronic oral __ 
therapy with atenolol and sotalol on ventricular 
monophasic action potential duration and 
effective refractory period | 


The effects of 4 weeks’ therapy with atenolol, 50 mg twice daily, and sotalol, 160 mg twice 
daily, on ventricular monophasic action potential duration (MAPD,,.) and effective refractory 
period (VERP) are compared in a randomized cross-over study in 10 patients with stable angina. 
pectoris undergoing elective cardiac catheterization. At matched ventricular pacing cycle lengths 
(range 500 to 1000 msec}, MAPD was 29 to 42 msec (11.5% to 13.4%) longer and VERP was 21 
to 32 msec (8.9% to 11.4%) longer on oral sotalol than on oral atenolol. Intravenous sotalol (100 


mg) caused a significant lengthening of MAPD,, and VERP during oral atenolol therapy, while 
intravenous atenolol (10% mg) had no additional effect during oral sotalol therapy. The effects of 
sotalol on ventricular repolarization and refractory period persist over and above any 
adaptational response to beta-receptor blockade that may occur during chronic therapy. (Am 


Heart J 1988;116:740.) 


Bernard P. J. Way, MB, J. Colin Forfar, MD, and Stuart M. Cobbe, MD. 


Oxford, England 


Sotalol is unique among clinically available beta- 
receptor antagonists in causing acute increases in 
transmembrane action potential duration—the class 
Ill effect.!* Clinical studies*® have confirmed that 
intravenous sotalol causes'a significant lengthening 
in ventricular monophasic action potential duration 
(MAPD,,) and effective refractory period (VERP) in 
man, while other beta-receptor blockers have no 
immediate effect. In contrast to the lack of a signif- 
icant acute effect of conventional beta-receptor 
blockers on action potential duration,’ experimen- 
tal® and clinical’ studies have suggested a lengthen- 
ing during chronic therapy, which develops over 2 to 
4 weeks. It is therefore conceivable that chronic 
therapy with any beta-receptor antagonist might 
achieve, albeit gradually, the same degree of length- 
ening of action potential duration as is seen acutely 
with sotalol. Alternatively, chronic oral therapy with 
sotalol might result in an enhanced class III effect by 
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addition of the acute membrane effects of sotalol to 
the adaptational response to chronic beta blockade. 
We have investigated this question by comparing 
the effects of 4 weeks’ therapy with atenolol and 
sotalol on MAPD» and VERP in a randomized, 
cross-over study. 


METHODS 


Ten patients {nine men jad one woman) with stable 
angina pectoris undergoing coronary arteriography for the 
assessment of coronary artery disease, were studied. The 
mean age was 57 (range 46 to 63) years.. Patients were 
excluded if they had unstable angina or recent myocardial 
infarction (less than 3 months), or if contraindications to 
beta-adrenergic blockade existed. After the decision to 
perform coronary arteriography had been made; patients 
were randomly allocated to receive either oral atenolol, 50 
mg twice a day, or oral sotalol, 160 mg twice a day, for 4 
weéks. Other antianginal drugs were continued 
unchanged; seven patients received nifedipine and three 
were taking isosorbide dinitrate. The patients were admit- 
ted for coronary arteriography at the end of the 4-week 
treatment period. Informed written consent for the inva- 
sive electrophysiologic studies was obtained from all 
patients, and the protocol was approved by the Central 
Oxford Research Ethics Committee. 

At cardiac catheterization, a 6F bipolar pacing electrode 
and a custom-made 7F monophasic action potential cath- 
eter (Cordis UK, Ltd., Brentford, Middlesex, U.K.) were 
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Fig. 1. Recordings of surface electrocardiogram and monophasic action potential from right ventricular 
outflow tract after 4 weeks’ oral therapy with atenolol and sotalol, respectively. Both recordings were made 
during pacing from the right ventricular apex at a cycle length of 1000 msec. Monophasic action potential 
duration at 90% repolarisation from the plateau was 315 msec with atenolol and 365 msec with sotalol. 
Corresponding values of surface QT interval were 440 and 490 msec. 


introduced from the right femoral vein. The monophasic 
action potential electrode was positioned in the right 
ventricular outflow tract, and action potentials were 
recorded during pacing from the right atrial appendage 
and subsequently from the right ventricular apex. Con- 
stant-current pacing stimuli (2 msec duration) were deliv- 
ered from an isolated programmable stimulator (Biotron- 
ik UHS-20, Biotronik GMBH & Co., Berlin, W. Germany) 
at twice diastolic threshold. A six-channel ink-jet recorder 
(Mingograph, Siemens-Elema, Solna, Sweden) was used 
to record the monophasic action potentials and three leads 
of the surface electrocardiogram (ECG): During atrial 
pacing, monophasic action potentials were recorded after 
2 minutes’ constant rate pacing at cycle lengths of 1000, 
900, 800, 700; and 600 msec. Ventricular pacing was 
performed at cycle lengths of 1000, 800, and 500 msec. 
VERP was measured by the extrastimulus technique at 
each ventricular paced rate. 

‘After the control electrophysiologic Pare (with either 
oral atenolol, 50 mg twice daily, or sotalol, 160 mg twice 
daily), an itravenods infusion of 10 mg atenolol (patients 
taking oral sotalol) or 100 mg sotalol (patients receiving 
oral atenolol) was given over 10 minutes. The study was 
then repeated. Plasma drug and potassium levels were 
measured from blood samples taken at the end of each 
part of the study.- After the ` electrophysiologic 
studies were completed, coronary arteriography was per- 
formed. 

‘All patients were restudied after 4 weeks’ oral treat- 
ment with the alternative beta blocker.’ The same proto- 
col was used. Thus in each patient, monophasic action 
potentials and VERP were recorded with oral atenolol 


alone, with oral atenolol plus intravenous sotalol, with oral 
sotalol alone, and with oral sotalol plus intravenous 
atenolol. 

_ Measurements. Monophasic action potential duration 
was measured at 90% repolarization relative to the pla- 
teau phase of the monophasic action poténtial (MAPD) 
in recordings made at paper speeds of 100 mm . sec™ (Fig. 
1). The amplitude of the action potentials ranged from 10 
to 40 mV. Average values of MAPD» (mean + SD) were 
obtained from five or more complexes at each heart rate. 
The “variability” of MAPD» measured at each cycle 
length was ‘normalized for the absolute value of MAPD 
and expressed as (standard deviation + mean X 100%). 
Differences in MAPD» and VERP were analyzed by 
Student’s paired ¢ test. 


RESULTS 


Clinical features of the patients studied are listed 
in Table I. Of the 10 patients, four received sotalol as 
the first drug and six received atenolol. The mean 
sinus cycle lengths at the beginning of the electro- 
physiologic study were 1150 + 47 msec for those 
taking atenolol and 1113 + 43 msec for those receiv- 
ing sotalol (p = ns). There was no significant 
increase in sinus cycle length after intravenous 
sotalol/atenolol, respectively. The variability of the 
MAPD» measurements and their range is indicated 
in Table II. The mean variability for a given thera- 
py, pacing mode, and cycle length averaged 1.8%, 
range 1.1% to 2.8%. 

An example of MAPD» recorded after 4 weeks’ 
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Table i. Clinical details 
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RWMA LVEDP Stenoses 

Inf hypo 8 RCA 

— 8 LAD, LCx 
Inf akin 16 LAD, RCA 
Inf hypo 4 3VD 
Inf, post hypo 16 3VD 

— 4 8VD 

— 5 LAD, LCx 
Inf, apical hypo 32 3VD 

— 9 RCA, LCx 
Apical hypo 6 LAD, LCx 








RWMA = regional wall motion abnormality by left ventricular angiography; Inf = inferior; Post = posterior; Hypo = hypokinesis; Akin = akinesis; 
LVEDP = left ventricular end-diastolic pressure (mm Hg); MI = myocardial infarction; Stenoses = vessels with >70% diameter stenosis; LAD = left 
anterior descending; LCx = left circumflex; RCA = right coronary artery; 3VD = triple-vessel disease. 


Table li. Variability of MAPD» measurements (%) 





Cycle length Oral 
Pacing mode (msec) atenolol 
Atrial 
1000 1.6 
(0-2.8) 
900 1.6 
(1.8-2.3) 
800 1.4 
(0-2.8) 
700 1.8 
(1.3-3.6) 
600 iy eee 
(0-2.8) 
Ventricular 
1000 1.8 
(0-4.2) 
800 LT 
(0-2.7) 
500 2.6 
(1.6-4.5) 














Treatment 
Atenolol + IV Oral Sotalol + IV 
sotalol sotalol atenolol 
2.1 1.7 1.4 
(1.8-3.0) (0.8-2.0) (1.2-1.6) 
1.8 1.8 1.1 
(0.6-3.1) (0.8-3.2) (0-2.4) 
1.4 1.6 17 
(0.6-2.5) (1.3-2.4) (0.3-2.6) 
1.7 1.6 1.7 
(0.8-2.6) (1.3-2.1) (1.0-2.5) 
1.8 1.5 1.9 
(0.8-3.4) (0.6-2.4) (1.0-3.0) 
1.6 1.7 2.1 
(0-4.2) (1.1-3.0) (1.1-3.1) 
1.7 2.1 1.7 
(1.3-2.4) (1.4-3.5) (0-3.4) 
19 28 2.5 
(0.7-3.5) (1.6-3.0) (0.8-5.3) 








Individual variability of MAPD» was measured as (SD + mean value) X 100% for five consecutive beats. Values given are means and ranges for all patients 


in a given pacing mode and treatment allocation. 


oral atenolol vs 4 weeks’ oral sotalol is illustrated in 
Fig. 1. The overall values for ventricular MAPD 
and VERP for patients receiving oral atenolol and 
sotalol are shown in Table III. It was not possible to 
obtain values for every patient at all cycle lengths. 
Atrial and ventricular pacing at the longer cycle 
lengths was often interrupted by sinus beats, pre- 
venting the specified 2-minute period of uninter- 
rupted pacing prior to measurement of MAPD,. 
Similarly, the development of atrioventricular nodal 


Wenckebach conduction during atrial pacing inter- 
fered with one recording at a cycle length of 600 
msec, and prevented acquisition of any useful data 
at 500 msec. Instability of the baseline or the 
presence of movement artifacts led to the exclusion 
of a few other tracings. 

Oral sotalol therapy was associated with a consis- 
tent increase in MAPD,, and VERP compared with 
oral atenolol therapy (Table IH). The individual 
values of MAPD» during atrial pacing at a cycle 
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Fig. 2. Individual data on monophasic action potential duration (MAPD,,) during atrial pacing at a cycle 
length of 800 msec. Values were obtained after 1 month’s oral therapy with sotalol, 50 mg twice daily, oral 
atenolol, 50 mg twice daily, and following sotalol, 100 mg intravenously, during oral atenolol therapy. 


MAPD» was significantly longer with oral and intravenous sotalol than during chzonic oral therapy with 
atenolol (p < 0.01). 


Table Ill. Right ventricular monophasic action potential duration (MAPD,,) and effective refractory period (VERP) 
in patients on oral atenolol, 50 mg twice daily, and oral sotalol, 160 mg twice daily 














MAPD (msec) VERP (msec) 
Cycle 
Pacing length Oral atenolol Oral sotalol Oral atenolol Oral sotalol 
mode (msec) Na. mean (SEM) mean (SEM) No. mean (SEM) mean (SEM) 
Atrial 1000 5 332 (5) 361 (9)* 
900 8 326 (8) 352 (5)* 
800 10 311 (6) 336 (4)t 
700 10 295 (7) 316 (4)* 
600 9 277 (7) 296 (4)* 
Ventricular 1000 7 327 (8) 369 (6)* 5 236 (9) 318 (10)* 
800 9 811 (9) 349 (8)F 8 280 (6) 293 (DF 
500 9 256 (7) 285 (DF 9 238 (5) 259 (8) 











*p < 0.08. 
tp < 0.01 by paired ¢ test (atenolol vs sotalol). 
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Table IV. Right ventricular monophasic action potential duration (MAPD,j,) and effective refractory period (VERP) 
in patients on oral atenolol, 50 mg twice daily, before and after intravenous sotalol (100 mg) 


























MAPD,, (msec) ' VERP (msec) 
Cycle 
Pacing length Oral atenolol IV sotalol Oral atenolol IV sotalol 
mode (msec) No. mean (SEM) mean (SEM) No. mean. (SEM) mean (SEM) 
Atrial 1000 6 334 (5) 380 (13)* 
900 8 322 (5) 259 (13) 
800 10 311 (6) 347 (9) 
700 10 295 (7) 325 (9)t 
600 10 277 (7) 307 (10) 
Ventricular 1000 7 827 (8) 366 (10) 5 282 (11) 322 (14)t 
800 9 311 (9) 363 (13)f 8 260 (6) 308 (8)t 
500 9 256 (7) 297 (9)t 9 238 (5) 271 (7)t 
IV = intravenous. 
*p < 0.05. 
tp < 0.01. 


tp < 0.001 by paired t test (before vs after IV sotalol). 


Table V. Plasma drug levels and potassium concentra- 
tion 





Plasma 
level Serum Kt 
Drug Dosage (pg L (mmol. L?) 





Atenolol 50 mg bd (oral) 0.23 (0.1) 3.9 (0.1) 
Sotalol 160 mg bd (oral) 2.10 (0.3) 3.9 (0.1) 
Atenolol 10 mg (IV) 0.56 (0.1) 4.0 (0.1) 
Sotalol 100 mg (IV) 2.45 (0.9) 3.9 (0.1) 





Values are mean (SEM). 
bd = twice daily dosing; IV = intravenous infusion; K* = potassium. 


length of 800 msec are presented in Fig. 2. The 
difference between oral sotalol and oral atenolol was 
significant at all cycle lengths tested, and during 
both atrial and ventricular pacing. The mean length- 
ening in MAPD by sotalol compared with atenolol 
ranged, according to cycle length, from 19 to 29 msec 
(7.2% to 9.0%) during atrial pacing and from 29 to 
42 msec (11.5% to 13.4%) during ventricular pacing. 
The corresponding values for VERP were 21 to 32 
msec (8.9% to 11.4%). Although the mean increases 
in MAPD,, and ERP were greater at longer cycle 
lengths during both atrial and ventricular pacing, 
these trends did not achieve statistical significance. 
The mean values for the ratio MAPD,,/VERP lay in 
the range 1.08 to 1.21, with no significant difference 
between the values with patients taking sotalol and 
atenolol at any cycle length. 

The effect of intravenous sotalol on MAPD,) and 
VERP after 1 month of oral atenolol is shown in 
Table IV and Fig. 2. It may be seen that sotalol 
induced a further lengthening of MAPD» and 
VERP above that occurring during chronic oral 


beta-receptor blockade. The magnitude of the effect 
of intravenous sotalol was comparable, although 
somewhat greater, than was seen in the comparison 
between oral sotalol and oral atenolol. The effect of 
intravenous atenolol in patients receiving oral sota- 
lol was also studied (data not shown). There was no 
significant change in MAPD or VERP after intra- 
venous atenolol, with the mean values tending to 
shorten by 1 to 12 msec. 

The mean plasma concentrations of atenolol and 
sotalol during the oral and intravenous phases of the 
study are listed in Table V, along with plasma 
potassium values. The mean plasma concentration 
of atenolol was significantly higher after intravenous 
than after oral therapy. In contrast, the plasma 
levels with oral and intravenous sotalol were not 
significantly different. There was no significant dif- 
ference in plasma potassium concentration between 
any of the stages of the study. 


DISCUSSION 


The results of this study indicate that the class IH 
effects of sotalol on MAPD,, and VERP are clearly 
distinguishable, even against a background of chron- 
ic beta blockade. This was demonstrated not only by 
the comparison between oral atenolol and oral sota- 
lol therapy, but also by the significant increase in 
MAPD» and VERP after intravenous sotalol in the 
patients receiving oral atenolol. The role of addi- 
tional beta-receptor blockade in producing the latter 
result is unlikely to be significant, since there was no 
increase in sinus cycle length after intravenous 
sotalol, and intravenous atenolol did not produce 
the same effect in the oral sotalol group. Similarly, 
although we did not formally compare the degree of 
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beta-receptor blockade with oral atenolol and sotalol 
by exercise testing or isoproterenol challenge, the 
equality of the resting sinus cycle lengths suggests a 
comparable degree of blockade. 

We did not measure MAPD» and VERP prior to 
starting beta-blocker therapy in our patients, since 
this would have involved a third invasive study. We 
cannot therefore assess the extent to which MAPD,) 
and VERP were increased by chronic beta-receptor 
blockade in our patients. The magnitude of this 
effect is the source of some controversy in the 
literature. Initial experimental studies® with pro- 
pranolol and metoprolol performed in rabbits sug- 
gested an increase of 20% to 23% in ventricular 
action potential duration and VERP, developing 
over a 4-week period. Edvardsson and Olsson’ 
reported a mean increase of 16 msec (6%) in 
MAPD» in volunteers receiving metoprolol, 400 
mg daily for 1 month. In contrast, Creamer et al.* 
noted that propranolol, 160 mg daily, caused a 
nonsignificant increase of only 2.5% in the QT in- 
terval over 4 weeks in patients with implanted 
pacemakers. 

The relationship between the class III effect of 
sotalol and the chronic effect of beta blockade on 
repolarization has been examined indirectly in 
recent studies!’ in which the QT interval was used 
as an indirect estimate of action potential duration. 
Despite the inherent limitation of QT interval mea- 
surements (even at constant pacing rates) as an 
estimate of action potential duration, the conclu- 
sions of the previous studies are confirmed by our 
direct measurements of MAPD. Creamer et al.8 
noted that the magnitude of QT prolongation by 
sotalol was greater during chronic oral therapy than 
after intravenous administration (11.5% vs 6.5%), 
despite the lower mean serum level in the former 
group. They considered that this observation could 
be attributed either to the adaptational effect of 
chronic beta blockade or to the presence of active 
metabolites or differences in drug distribution 
between the intravenous and oral route. Our study 
design allows comparison of chronic oral sotalol 
(Table HI) vs intravenous sotalol plus chronic beta 
blockade (Table IV). There was no significant differ- 
ence in plasma sotalol levels after oral and intrave- 
nous therapy, nor in the effects on MAPD» or 
VERP. This suggests that the differences noted by 
Creamer et al. are probably attributable to tissue 
adaptation to beta blockade rather than to metabo- 
lites or drug distribution. Cross-over comparisons of 
the effects of sotalol, 160 mg twice daily, during 
long-term beta-blocker therapy in post-infarction 
populations have indicated a lengthening of the QT 
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interval of 5% over metoprolol, 100 mg twice daily,’ 
and 9% over atenolol, 50 mg twice daily. The latter 
effect, almost identical to that found in this study, 
persisted unchanged over 12 months. 

The results of this study are based on the assump- 
tion that changes in MAPD» and VERP between 
the first and second study are attributable to a drug 
effect rather than to spontaneous variation. The 
mean beat-to-beat variability in MAPD measure- 
ment in this study was 1.8%. We attempted to site 
the monophasic action potential electrode and the 
stimulating electrode in the same area of the ventri- 
cle on successive occasions. A recent study" has 
assessed the reproducibility of duplicate MAPD 
and VERP measurements when the electrode is 
withdrawn and reintroduced. Median variations of 
2.1% and 3.2%, respectively, were reported. Varia- 
tions of this magnitude would not have influenced 
the conclusions in the our study. A further assump- 
tion is that the period of 2 minutes of constant rate 
pacing at each cycle length is sufficient to establish a 
new steady state for MAPD and VERP recording. 
Experimental” and clinical»! studies have shown 
an exponential restitution curve of action potential 
duration following a change in pacing cycle length, 
with a new steady state established after 2 to 3 
minutes. Thus the available data suggest that our 
methodology was adequate to identify a significant 
difference between the effects of atenolol and sotalol 
on action potential duration. 

Conclusions. Our results support the concept that 
the class ITI antiarrhythmic properties of sotalol on 
repolarization and refractoriness are not achieved by 
other beta-receptor antagonists, even during chronic 
therapy. Sotalol is therefore unique among currently 
available drugs in possessing both class II and class 
Ill antiarrhythmic activity during chronic therapy. 


Plasma drugs levels were measured by Dr. P. Toseland, Guy’s 
Hospital, London. 
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Neurohumoral and hemodynamic changes in 
congestive heart failure: Lack of correlation and 
evidence of compensatory mechanisms 


The objective of this study was to assess the hemodynamic and neurohumoral (plasma renin 
activity, aldosterone, epinephrine, norepinephrine, vasopressin, and atrial natriuretic peptide) 


determinants of systemic vascular resistance in 35 patients with stable congestive heart failure. 
In the supine position, although activation of the various neurohumoral systems tended to occur 
in the same patients, there was little correlation between activation of any of the neurohumoral 
systems, as reflected by circulating levels, and systemic vascular resistance. There was also 
little correlation between changes in circulating neurohormones and changes in either mean 
arterial pressure or systemic vascular resistance in the standing position. Acutely reducing the 
activity of the renin-angiotensin system with the use of captopril did not improve the correlation 
between other neurohumoral and hemodynamic variables. In fact there was no correlation 
between the effects of acute captopril therapy and baseline renin values. These results support 
the concept that activation of one or another vasoconstrictor neurohumoral system varies from 


patient to patient and that the effects of their activation are tempered by activation of parallel 
vasodilator systems and by attenuation of neurohormone release and effector organ response. 


(Am Heart J 1988;116:746.) 
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Activation of neurohumoral systems is one of the 
major mechamisms by which the body attempts to 
compensate for a decrease in cardiac output.** In 
congestive heart failure, secretion of vasopressin and 
activation of the sympathetic and renin-angiotensin 
systems serve to optimize preload, to increase myo- 
cardial contractility and, by increasing systemic 
vascular resistance, to maintain arterial pressure. 
Unfortunately neurohumoral overactivation can 
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lead to cardiac arrhythmias, congestive symptoms, 
and inappropriately elevated afterload. The degree 
of neurohumoral activation tends to increase as 
heart failure progresses.’* However, important dif- 
ferences among patients occur independent of the 
severity of myocardial dysfunction that can help 
explain why the clinical course and survival of 
patients with similar hemodynamic variables can 
differ so much.'** Recently the concept of a parallel 
vasodilatory system for maintaining these patients 
in a compensated state despite wide variations in 
neurohumoral activation has’ emerged.® a Attenua- 
tion of effector organ response by receptor downrég- 
ulation and decreased neurohumoral release result- 
ing from decreased baroreceptor responsiveness has 
also. been found to occur in congestive heart fail- 
ure. 8-19 $ 

We measured the plasma levels of hormones from 
the three major- vasoconstrictor neurohumoral 
systems (renin-angiotensin, sympathetic, and argi- 
nine-vasopressin) and from one vasodilatory neuro- 
humoral system (atrial natriuretic peptide) and 
correlated them with hemodynamic variables to 
assess the relative contribution that each of these 
systems makes to the various hemodynamic vari- 
ables. Patients were studied in the standing position 
to assess the relative contribution that changes i in 
these neurohumoral variables may have on the 
hemodynamic changes that occurred. We then 
acutely decreased the relative importance of one of 
the vasoconstrictor systems, the renin-angiotensin 
system, by administering captopril and repeated the 
same measurements with patients in the supine and 
standing positions. This was done to see whether 
decreasing the effect of one of the neurohumoral 
vasoconstrictor systems visibly increased the role of 
the other two vasoconstrictor neurohumoral sys- 
tems. 


METHODS 


Thirty-three male and two female patients with stable 
chronic congestive heart failure (New York Heart Associ- 
ation class III) were chosen for the study. The mean age of 
the patients was 56 + 13 years. The cause of the heart 
failure was ischemia in 30, cardiomyopathy i in two, and 
hypertension in three. This study was approved by the 
ethics committee of l'Hôpital du Sacré-Coeur de Montréal 
and informed consent was obtained from all patients). All 
but five patients were admitted electively from the heart 
failure clinic of ’Hépital du Sacré-Coeur de Montréal 


where they had been followed and instructed on fluid - 


(1500 ml/day)— and sodium (2 gm/day)-restricted diets. 
The other five patients were admitted for worsening 
failure. These patients were stabilized and entered the 
study when they were considered optimally controlled 
with digoxin and diuretics and their weight varied less 
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than 0.5 kg over three consecutive days. Six patients were 
receiving isosorbide dinitrate (120 mg/day, discontinued 
at least 3 days before the study), and one patient was 
receiving captopril (150 mg/day, discontinued at least 6 
days before the study). All patients received digoxin and 
furosemide (123 + 73 mg/day), and 24 patients also 
received triamterene (132 + 56 mg/day). 

Hemodynamic and neurohumoral measurements. The 
day before the study, all patients were admitted to the 
coronary care unit and were continued on a diet contain- 
ing 2 gm of sodium/day and a fluid restriction of 1500 
ml/day. Digoxin and all diuretics were discontinued at 
least 24 hours before the hemodynamic study. 

On the morning of the study, a 7 French triple-lumen, 
flow-directed, balloon-tipped thermodilution catheter 
(Edwards Laboratories, Santa Ana, Calif.) was inserted 
transcutaneously through the right internal jugular vein 
by the Seldinger technique and advanced to a pulmonary 

“wedge” position according to pressure tracings. Pulmo- 
nary arterial, right atrial, and pulmonary capillary wedge 
pressure were monitored by a Gould-Statham P231Id 
transducer (Gould, Inc., Cleveland, Ohio) and recorded on 
an Electronics for Medicine VR-6 photographic recorder 
(PPG Biomedical Systems, Pleasantville, N.Y.). Cardiac 
output was measured by means of the computerized 
thermodilution technique by injecting 10 ml of iced 5% 
dextrose in water. Systemic arterial -blood pressure was 
obtained with a radial cannula. Hemodynamic values were 
calculated as previously described. 6 After an overnight 
fast, and at least 2 hours after insertion of the thermodi- 
lution catheter, baseline hemodynamic and neurohumoral 
measurements were obtained with patients in the supine 
position. Blood was drawn through the arterial line for 
measurements of electrolytes, osmolality, ‘blood urea 
nitrogen, glucose, creatinine, protein, and albumin. Sam- 
ples were also taken for measurements ‘of plasma norepi- 
nephrine and epinephrine levels. In all but the first two 
patients, blood was also drawn for determination of 
plasma renin activity and plasma aldosterone and plasma 
arginine-vasopressin levels. Atrial natriuretic peptide was 
measured in the last 23 patients. Once the baseline 
hemodynamic and neurchumoral measurements were 
obtained, the patients were asked to stand, and after 10 
minutes in the erect position the same hemodynamic and 
neurohumoral measurements were repeated. 

Arginine-vasopressin, plasma renin ‘activity, aldoste- 
rone, epinephrine, and norepinephrine were measured 
according to methods previously developed and reported 
from our laboratory.” The mean normal values in our 
laboratory are: arterial norepinephrine, 170 + 40 pg/ml; 
arterial epinephrine, 35 + 8 pg/ml; plasma renin activity, 
<2.5 ng/ml/hr for diets normal in sodium; and plasma 
aldosterone, <25 mg/dl for ‘diets normal in sodium. 
Normal values for plasma vasopressin are 0.5 pg/ml to 2.5 
pg/ml for a plasma sodium value between 135 and 145 
mEq/L. Normal values for atrial natriuretic peptide are 
<30 pg/ml. Because under standardized conditions, a 
correlation exists between plasma norepinephrine and 
sympathetic tone, plasma norepinephrine was taken as a 
rolinciion of sympathetic tone?! 72 
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Table i. Hemodynamic, neurohumoral, and biochemical effects of standing before and during acute captopril therapy 











Acute captopril 








p Value p Value 
supine us supine us 
standing Supine Standing standing 
<0.001 84 + 13** 91 + 13* <0.001 
NS 78 + 10** 80 + 12** NS 
<0.001 21 + 7** 15 + 7** <0.001 
<0.001 8 + 4** 524 <0.001 
0.025 2.3 + 0.6** 2.0 + 0.4* <0.001 
<0.001 28 + 9** 23 + 6** <0.001 
NS 23 + 9* 2047 NS 
<0.001 1434 + 384** 1728 + 515** <0.001 
<0.025 10.4 + 13.7** 11.4 + 13.3** <0.05 
NS 37 + 44** 40 + 43** NS 
<0.001 4.2 + 3.5* 7.2 + 8.2* <0.02 
<0.01 309 + 202** 265 + 182** NS 
<0.001 488 + 307 701 + 356 <0.001 
<0.025 116 + 108 168 + 121 <0.001 
NS 187 +5 187 +4 NS 
NS 1.5 + 0.5 1.5 + 0.5 NS 
NS 28 + 19 27 + 20 NS 
NS 287 + 10 288 + 10 NS 
273 + 10 


Control 
N Supine Standing 
Heart rate (beats/min) 35 89 + 16 94417 
Mean arterial pressure 35 90 + 14 80 4 14 
(mm Hg) 
Pulmonary capillary wedge 35 27+ 8 20+9 
pressure (mm Hg) 
Right atrial pressure (mm 35 1145 6+5 
Hg) 
Cardiac index (L/min/m?) 35 2.1 + 0.5 1.9 + 0.5 
Stroke volume index 35 25 + 8 2147 
(mL/beat/m?) 
Left ventricular stroke 35 21 + 10 20 +9 
work index (gm - m/m?) 
Systemic vascular 35 1,801 + 551 2,019 + 506 
resistance 
(dynes - sec - cm™>) 
Plasma renin activity 33 5 + 5.6 5.8 +6 
(ng/ml/hr) 
Plasma aldosterone (ng/dl) 33 69 + 68 TL + 47 
Arginine-vasopressin 33 5.7 + 4.8 10.0 + 8:3 
(pg/ml) - 
Atrial natriuretic peptide 23 469 + 309 366 + 202 
(pg/ml) 
Norepinephrine (pg/ml) 35 527 + 340 761 + 404 
Epinephrine (pg/ml) 35 133 + 129 224 + 265 
Plasma sodium (mEq/L) 35 137 +5 137 +5 
Plasma creatinine (mg/dl) 33 1.5 + 0.6 1.6 + 0.6 
Plasma blood urea nitrogen 35 29 + 21 28 + 22 
(mg/dl) : 
Plasma osmolality 33 288 + 10 289 + 10 
(mOsm/kg H,0) 
Effective plasma osmolality 33 273 + 8 273 +9 
‘(mOsm/kg H,0) 


NS 273 + 10 








NS = Not significant. 


Where values are mean + SD, *p < 0.05 and **p < 0.005 captopril vs control. 


Plasma atrial natriuretic peptide was measured by 
radioimmunoassay according to the technique of Wilson 
et al. Blood was drawn in EDTA-containing tubes and 
plasma was extracted, on the day of the experiment, by 
passage through Sep-Pak C-18 cartridges. The columns 
were eluted with a mixture of ethanol and acetic acid and 
were then evaporated to dryness. The tracer was ™I- 
labeled rat atrial natriuretic peptide (Amersham Canada, 
Oakville, Ontario); the antibody was from Peninsula (Bel- 
mont, Calif.) with 100% cross reactivity with human 
alpha-atrial natriuretic peptide, rat atrial natriuretic pep- 
tide, and atriopeptin IlI. Separation was performed with a 
second antibody. Displacement waves were obtained for 
concentrations betweén 1 and 100 pg/tube, sensitivity was 
l pg/assay tube, and the 50% displacement was 10 
pg/assay tube. Intra- and interassay coefficients of varia 
tions were less than 10%. f 

Other analytic procedures and calculations. Effective 


plasma osmolality was determined in duplicate on 250 ul 
samples by freezing-point depression (Advanced Instru- 
ments Osmometer 3DII; Advanced Instruments, Ine., 
Needham Heights, Mass.). The sensitivity of the instru- 
ment is +1 mOsm, and its coefficient of variation at 290 
mOsm is 0.51%. Plasma for osmometry was always col- 
lected in heparinized tubes. 

Captopril therapy. Captopril therapy was given to all 
but two patients who recieved calcium entry blockers 
instead of captopril. Captopril therapy was administered 
in the following manner: immediately after baseline 
supine and standing measurements were obtained, 12.5 
mg of captopril was given orally; 1 hour later all measure- 
ments were repeated in the supine and standing positions. 
Three of the 33 patients had symptomatic orthostatic 
hypotension, and their measurements had to be made in 
the sitting position. 

Statistical analysis. The effects of standing and the 
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Fig. 1. Except for atrial natriuretic peptide (in supine position), there was no correlation between 
neurohumoral variables and systemic vascular resistance in either supine or standing position. 


effects of captopril were assessed by a two-tailed paired 
“t” test. Multiple linear regression analysis was performed 
in the supine and standing positions before and after 
captopril therapy with the following variables: heart rate, 
mean arterial pressure, right atrial pressure, pulmonary 
capillary wedge pressure, cardiac index, stroke - work 
index, plasma renin activity, plasma aldosterone, plasma 
vasopressin, plasma epinephrine, and plasma norepineph- 
rine. The two patients from whom standing measurements 
were not obtained were excluded from the standing anal- 
ysis; and the two patients who did not receive captopril 
were excluded from the analysis with captopril. The 
multiple linear regressions were done with STATS Works 
statistical software.” Multiple linear regression analyses 


of the changes in the previously mentioned variables that 
occurred with standing were also done before and after 
captopril therapy. Determinants of the effects of captopril 
on systemic vascular resistance and on mean arterial 
pressure were assessed by multiple linear regression and 
used the change in systemic vascular resistance or the 
change in mean arterial pressure that occurred with 
captopril as the dependent variable; all of the aforemen- 
tioned hemodynamic and neurohumoral variables were 
used as independent variables, in both the supine and 
standing positions. To assess the relative importance of 
atrial natriuretic peptide, all of these multiple -linear 
regression analyses were repeated in the 24 patients from 
whom atrial natriuretic peptide measurements were 
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Table ll. Multivariate analysis of hemodynamic and neurohumoral variables in the supine position 


























Systemic 
vascular Right atrial Stroke Plasma 
resistance Heart rate pressure work index renin activity 
Systemic vascular resistance 1.00 0.53*** 0.08 —0,29 0.25 
Heart rate 0.53*** 1.00 0.18 —0.45** 0.18 
Right atrial pressure 0.08 0.18 1.00 —0.45** 0.32 
Stroke work index —0.29 —0.45** —0.45** 1.00 0.21 
Plasma renin activity 0.25 ` 0.18 0.32 —0.21 1.00 
Pulmonary capillary wedge 0.26 0.36* 0.44** —0.51** 0.02 
pressure 
Norepinephrine 0.21 0.44** 0.60*** —0.42** 0.47** 
Mean arterial pressure 0.48** 0.30 —0.04 0.48** 0.08 
Epinephrine 0.18 0.33* 0.17 —0.10 0.43** 
Cardiac index —0.60*** —0.26 —0.41* 0.75*** —0.30 
Plasma aldosterone 0.17 0.13 0.47** —0.38* 0.51** 
Arginine vasopressin 0.30 0.36* 0.29 —0.35* 0.46** 
Atrial natriuretic peptide 0.59** 0.46* 0.37 —0.44* 0.29 
N = 35 except for atrial natriuretic peptide where N = 23. 
*p < 0.05; **p < 0.01; ***p < 0.001. 
Table lil. Multivariate analysis of hemodynamic and neurohumoral variables in the supine position 
Systemic 
vascular f Right atrial Stroke Plasma 
resistance Heart rate pressure work index renin activity 
Systemic vascular resistance 1.00 0.26 —0.07 —0.25 —0.12 
Heart rate 0.26 1.00 0.16 —0.48** 0.12 
Right atrial pressure —0.07 0.16 1.00 —0.28 0.33 
Stroke work index —0.25 —0.48** —0.28 1.00 —0.13 
Plasma renin activity —0.12 0.12 0.33 —0.13 1.00 
Pulmonary capillary wedge 0.20 0.36* 0.63*** —0.39* 0.28 
pressure 
Norepinephrine 0.16 0.32 0.48** ~0.28 0.42* 
Mean arterial pressure 0.50** 0.11 —0.09 0.42* —0.18 
Epinephrine —0.27 0.06 0.03 0.46** 0.47** 
Cardiac index —50** —0.13 —0.14 0.83*** —0.06 
Plasma aldosterone 0.10 0.12 0.26 —0.23 0.43* 
Arginine vasopressin 0.10 0.13 —0.14 —0.22 0.18 
Atrial natriuretic peptide 0.19 0.36 0.18 —0.53** 0.28 








N = 33 except for atrial natriuretic peptide where N = 23. 
*p < 0.05; **p < 0.01; ***p < 0.001. 


obtained, but this time atrial natriuretic peptide was 
included. 


RESULTS 


As a whole, patients in this study had severe heart 
failure and compensatory neurohumoral activation 
(Table I). Only two had plasma sodium levels <135 
mEq/L, and plasma creatinine levels were all <2 
mg/dl. 


Supine baseline hemodynamic and neurohumoral cor- 


relations. Surprisingly there was no correlation 
between systemic vascular resistance and any of the 
vasoconstrictor or vasodilator neurohormones mea- 
sured; however, atrial natriuretic peptide wás signif- 
icantly correlated with systemic vascular resistance 
(r = 0.59) (Table II; Fig. 1). Norepinephrine was 
correlated with the following hemodynamic vari- 
ables: heart rate (r= 0.44), stroke work index 
(r = —0.42), pulmonary capillary wedge pressure 
(r = 0.50), and right atrial pressure (r = 0.60). Atrial 
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Pulmonary 
capillary Mean 
wedge arterial Plasma Arginine 
pressure Norepinephrine pressure Epinephrine Cardiac index aldosterone vasopressin 
0.26 0.21 0.48** 0.18 —0.60*** 0.17 0.30 
0.36* 0.44** 0.30 0.33* —0.26 0.13 0.36* 
0.44** 0.60*** —0.04 0.17 —0.41* 0.47** 0.29 
~0.51** —0.42* 0.48*** —0.10 0.76*** ~0.38* —0.35* 
0.02 0.47** 0.03 0.43** —0.30 0.51** 0.46** 
1.00 0.50** 0.12 0.32 —0.28 0.17 0.21 
0.50** 1.00 0.09 0.69*** —0.30 0.54*** 0.49** 
0.12 0.09 1.00 0.26 0.15 ~0.14 0.00 
0.32 0.69*** 0.26 1.00 0.00 0.37* 0.63*** 
~0.28 —0.30 0.15 0.00 1.00 —0.38* —0.34* 
0.17 0.54*** —0.14 0.37* —0.38* 1.00 0.39* 
0.21 0.49** 0.00 0.63*** —0.34* 0.39* 1.00 
0.23 0.20 —0.05 0.07 —0.52** —0.11 0.42* 
Pulmonary 
capillary Mean 
wedge arterial Plasma Arginine 
pressure Norepinephrine pressure Epinephrine Cardiac index aldosterone vasopressin 
0.20 0.16 0.50** —0.27 —0.50**. 0.10 0.10 
0.36* 0.32 0.11 0.06 —0.13 0.12 0.13 
0.63*** 0.48** 0.08 0.03 —0.14 0.26 —0.14 
—0.39* —0.28 0.42* 0.46** 0.83*** —0.23 —0.22 
0.23 0.42* —0.18 0.47** 0.06 ).43* 0.18 
1.00 0.45** 0.37* —0.06 —0.21 0.45** 0.06 
0.45** 1.00 0.14 0.35* —0.16 0.48** 0.04 
0.37 0.14 1.00 0.10 0.20 €.08 —0.20 
0.06 0.35* 0.10 1.00 0.66*** 0.42* 0.23 
~Q.21 —0.16 0.20 0.66*** 1.00 —0.07 —0.11 
0.45** 0.48** 0.03 0.42* —0.07 1.00 0.33 
~0.06 0.04 —0.20 0.23 —0.12 0.333 1.00 
0.21 0.10 —0.20 —0.13 —0.45* —0.18 0.01 





natriuretic peptide levels were correlated with heart 
rate (r = 0.46), cardiac index (r= —0.52), stroke 
work index (r = —0.44), and systemic vascular resis- 
tance (r = 0.59). Epinephrine, vasopressin, and plas- 
ma renin activities correlated poorly or not at all 
with hemodynamic variables. Atrial natriuretic pep- 
tide did not correlate with either pulmonary capil- 
lary wedge pressure (r = 0.23) or right atrial pres- 
sure (r = 0.04). There was, however, good correlation 
among all vasoconstrictor neurohormones (norepi- 
nephrine, epinephrine, arginine-vasopressin, renin, 
and aldosterone), suggesting that the activation of 


all systems tended to occur in concert and in the 
same patients (Table ID). 

Effects of standing. In the standing position, there 
was again no correlation between the neurohumoral 
variables measured and systemic vascular resistance 
(Table III; Fig. 1). There was also no significant 
correlation between heart rate and the levels of any 
of the neurohormones measured. Except for the lack 
of correlation between norepinephrine and stroke 
work index and the lack of correlation between atrial 
natriuretic peptide and systemic vascular resistance, 
the correlation between hemodynamic parameters 
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Fig. 2. From supine to standing position, there was no 
change in mean arterial pressure. Cardiac index decreased 
in response to a decrease in pulmonary capillary wedge 
pressure and increase in systemic vascular resistance. No 
clear differences in response could be predicted from 
baseline hemodynamic values. ©@ = Individual values; 
@ = mean values; * = p < 0.05; *** = p < 0.001. 


and these neurohormones was the same as in the 
supine position. However, when patients were in the 
supine position epinephrine correlated only with 
heart rate; in the standing position this hormone was 
strongly correlated with both cardiac index 
(r = 0.66) and stroke work index (r = 0.46). The only 
hormones that correlated with one another in the 
standing position were those of the sympathoadren- 
al and the renin-angiotensin systems. 

Standing caused a number of hemodynamic and 
neurohumoral changes that occurred regardless of 
baseline hemodynamic or neurohumoral values (Ta- 
ble I; Figs. 2 and 3). In the standing position mean 
arterial pressure was maintained (systolic 131 + 28 
to 129 + 22 mm Hg and diastolic 70 + 10 to 70 + 12 
mm Hg), despite a decrease in cardiac index, by 
reflex increases in heart rate and systemic vascular 
resistance (Table I; Fig. 2). Both right atrial pressure 
‘and pulmonary capillary wedge pressure decreased 
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Fig. 3. Vasoconstrictor neurohormones (plasma renin 
activity, arginine-vasopressin, and norepinephrine) 
increased, whereas vasodilator neurohormone atrial natri- 
uretic peptide decreased during standing. No clear differ- 
ences in response could be predicted from supine hemody- 
namic or neurohumoral values. ® = Individual values; 
@ = mean values; * = p < 0.05; and *** = p < 0.001. 


during standing. Standing caused an increase in all 
of the vasoconstrictor neurohormones and a 
decrease in the vasodilator hormone atrial natriuret- 
ic peptide (Table I; Fig. 3). 

There was no correlation between the change in 
systemic vascular resistance and changes in any of 
the neurohumoral variables measured (Table IV; 


_ Fig. 4). The change in mean arterial pressure was 


correlated with changes in plasma arginine-vaso- 
pressin (r = —0.47) but not with changes in plasma 
norepinephrine. The changes in stroke work index 
and cardiac index were also correlated with vaso- 
pressin (r = —0.48 and —0.45, respectively). Changes 
in vasoconstrictor neurohormones were only slightly 
related to one another with no consistent simulta- 
neous activation of multiple vasoconstrictor systems 
occurring in any of the patients, with the exception 
of the changes in epinephrine levels, which were 
strongly correlated with the changes in renin activi- 
ty (r = 0.67). There was no correlation between 
changes in atrial natriuretic factor and changes in 
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Fig. 4. There was no correlation between changes in any neurohumoral variables measured and change in 
systemic vascular resistance during standing. @ = Change occurring from supine to standing position. 
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Fig. 5. In patients with congestive heart failure, parallel vasodilating systems activate to attenuate 
potential deleterious effects resulting from overactivation of vasoconstrictor neurohumoral factors. 
Further protection against vasoconstrictor neurohumoral overactivation is afforded by attenuation of 
signal for release of neurohormones (baroreceptor sensitivity) and by decrease in effector organ response 
(receptor density). Similar attenuation of stimuli for release and for effector organ response to atrial 
natriuretic peptide has also been demonstrated. 
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Table IV. Multivariate analysis of change in hemodynamic and neurohumoral variables during standing 





A Systemic A Plasma 
vascular renin 
> resistance activity 
ASystemic vascular resistance 1.00 —0.28 
APlasma renin activity —0.28 1.00 
ANorepinephrine 0.26 0.01 
AEpinephrine 0.00 0.67*** 
AAldosterone —0.04 0.25 
AHeart rate —0.01 0.13 
ARight atrial pressure -0.27 0.11 
AStroke work index —0.13 0.21 
ACardiac index —0.62** 0.23 
AMean arterial pressure 0.38* —0.24 
APulmonary capillary wedge —0.31 —0.20 
pressure 

AArginine vasopressin 0.10 0.14 
AAtrial natriuretic peptide 0.27 0.19 








N = 33 except for atrial natriuretic peptide where N = 23. 
A = Change between supine and standing values. 
*p < 0.05; **p < 0.01; ***p < 0.001. 


right atrial (r = 0.05) or pulmonary capillary wedge 
pressure (r = 0.30) in the standing position. 

Effects of captopril. Acute treatment with capto- 
pril caused decreases in mean arterial pressure, 
pulmonary capillary wedge pressure, right atrial 
pressure, and heart rate and increases in cardiac 


index and stroke volume index (Table I). Captopril - 


also caused an increase in plasma renin activity and 
a decrease in plasma aldosterone, atrial natriuretic 
peptide, and plasma arginine-vasopressin but 


caused no changes in plasma epinephrine or norepi- . 


nephrine. 

The change in systemic vascular resistance caused 
by captopril among patients in the supine position 
was closely related to baseline systemic vascular 
resistance (r = 0.73; p < 0.001) and cardiac index 
(r = —0.52; p < 0.01) but was less well correlated 
with baseline mean arterial pressure (r = 0.39; 
p<0.05) and heart rate (r= 0.36; p < 0.5). The 
change in systemic vascular resistance caused by 
captopril was not correlated with any of the other 
variables, including plasma renin activity (r = 0.28). 
In the standing position, all of the aforementioned 
correlations between changes in systemic vascular 
resistance and baseline variables disappeared, so 
that none of the baseline standing variables had any 
value in predicting changes in systemic vascular 
resistance caused by captopril. 

After patients were treated with captopril there 
continued to be no correlation between neurohu- 
moral variables and systemic vascular resistance in 
the supine position. The relationship between the 


A Norepinephrine . A Epinephrine A Aldosterone 
0.26 : 0.00 —0.04 
0.01 0.67*** 0.25 
1.00 0.33 —0.41* 
0.33 1.00 —0.02 

—0.41* —0.02 1.00 
0.13 0.15 —0.14 
0.11 —0.10 0.05 
0.05 0.42* 0.12 

—0.15 0.29 0.08 
0.21 0.17 ~0.02 
0.01 —0.30 0.20 

~0.28 0.04 0.51** 

—0.14 0.09 ~0.03 





various neurohumoral vasoconstrictive variables 
continued to be present but was less pronounced 
than before captopril therapy. Atrial natriuretic 
peptide remained correlated with cardiac index 
(r = —0.56; p<0.01) and stroke work index 
(r = —0.46; p < 0.05). With captopril the changes in 
systemic vascular resistance or other hemodynamic 
variables that occurred with standing were not any 
more closely related to the plasma levels of any 
specific neurohormone. The changes in neurohu- 
moral variables that occurred during standing were 
also not related to one another. 


DISCUSSION 


This study indicates that although activation of 
vasoconstricting neurohormones tends to occur in 
patients with chronic stable congestive heart failure, 
activation of these neurohormones does not corre- 
late well with systemic vascular resistance, mean 
arterial pressure, or cardiac index in these patients, 
although atrial natriuretic peptide is correlated pos- 
itively with systemic vascular resistance and nega- 
tively with cardiac index. A maneuver such as 
standing, which increases systemic vascular resis- 
tance, does not improve these correlations. More- 
over the variation in these vasoconstricting neuro- 
hormones that occurs during standing does not 
correlate with the increase in systemic vascular 
resistance, the decrease in cardiac index, or the 
change in mean arterial pressure. Decreasing sys- 
temic vascular resistance by decreasing the effects of 
the renin-angiotensin system with the use of capto- 
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A Right 
A Heart atrial A Stroke A Cardiac 
rate pressure Work index index 
—0.01 —0.27 —0.13 —0.62*** 
0.13 0.11 0.21 0.23 
0.13 0.11 0.05 —0.15 
0.15 —0.01 0.42* 0.29 
—0.14 0.05 0.12 0.08 
1.00 —0.16 0.12 0.10 
—0.16 1.00 —0.08 —0.01 
0.12 —0.08 1.00 0.76*** 
0.10 —0.01 0.76*** 1.00 
0.20 —0.03 0.73*** 0.34* 
—0.12 0.21 —0.25 0.15 
—0.15 0.02 —0.48** —0.45** 
0.15 0.05 —~0.07 —0.11 





pril does not improve the correlations between the 
other vasoconstricting neurohormones and systemic 
vascular resistance, cardiac index, or mean arterial 
pressure. In fact the decrease in systemic vascular 
resistance that occurs with captopril is unrelated to 
baseline renin values. These findings are particular- 
ly surprising in view of the important hemodynamic 
effects that blocking these vasoconstricting hor- 
mones has been shown to have in patients with 
congestive heart failure. These findings suggest 
that in stable patients with congestive heart failure, 
protection against the counterproductive effects of 
overstimulation of vasoconstrictor hormones occurs 
by blunting of the response of the effector organs to 
these hormones and by stimulation of parallel vaso- 
dilating systems (Fig. 5). In the clinical setting, 
decompensation of patients with otherwise stable 
congestive heart failure may reflect a loss of the 
delicate balance achieved between these counter- 
vailing forces. 

Evidence of parallel vasoconstrictor and vasodilating 
systems. Dzau et al.’ demonstrated the importance 
of the counterbalance provided by prostaglandins 
against excessive vasoconstriction when they report- 
ed that the blockade of prostaglandin synthesis by 
indomethacin in patients with congestive heart fail- 
ure caused significant deterioration of their conges- 
tive heart failure.’ This was particularly apparent in 
those patients with the highest levels of vasocon- 
strictor neurohormones. Recently a second vasodila- 
tory system mediated through atrial natriuretic 
peptide has been well described.” Release of atrial 
natriuretic peptide increases with increasing atrial 
pressures and stretch so that circulating natriuretic 
peptide levels increase with increasing failure.” 
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A Mean A Pulmonary 
arterial capillary A Arginine 
pressure wedg2 pressure vasopressin 
0.38* ~).31 0.10 
—0.24 -0.20 0.14 
0.21 - 0.01 —0.28 
0.17 ~0.30 0.04 
—0.02 —C.20 0.51** 
0.20 0.12 -0.15 
—0.03 0.21 0.02 
0.73*** —0.25 —0.48** 
0.34* 0.15 —0.45** 
1.00 —0.06 —0.47** 
—0.06 1.90 —0.16 
—0.47** —0.26 1.00 
0.80 0.11 


0.20 








Although the effects of atrial natriuretic peptide are 
attenuated in congestive heart failure,” they are 
important in some patients and resemble those of 
prostaglandins in a number of ways.” Atrial natri- 
uretic peptide induces both a systemic and a selec- 
tive renal vasodilatation, and it increases sodium 
and water excretion.” In the present study 
atrial natriuretic peptide levels were not correlated 
with atrial pressures, but they were directly corre- 
lated with systemic vascular resistance (r = 0.59) 
and were inversely correlated with cardiac index 
(r = —0.52). Thus two well- described vasodilatory 
systems appear to be activated in parallel with 
increasing heart failure and with increasing activa- 
tion of vasoconstrictor neurohormones. 

Attenuation of neurohumoral effects. In this study 
the hemodynamic and neurohumoral responses to 
standing in patients with chronic congestive heart 
failure were attenuated in comparison to normal 
subjects.“ These results are compatible with 
decreased baroreceptor sensitivity and neurohumor- 
al release”! and with a decreased effector organ 
response. A decrease in sensitivity for the release of 
vasoactive hormones and a decrease in the effector 
organ response to ‘these hormones may represent 
mechanisms that protect against large fluctuations 
in the vasoconstrictor and vasodilating effects of 
these substances, although this may compromise 
their ability to respond to’stress. Attenuation of the 
effects of these vasoactive hormones may be partic- 
ularly important in those patients with marginal 
cardiovascular reserve where neurohumoral com- 
pensatory mechanisms are already markedly stimu- 
lated and a delicate balance between vasoconstrict- 
ing and vasodilating forces has occurred. Previous 
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work suggesting that patients with more severe 
heart failure and neurohumoral activation are more 
susceptible to episodes of cardiac decompensation 
and-death supports this concept.‘ 

- In this study baroreceptor responsiveness was 
decreased but, in contrast to previous studies! *, 
patients could not be divided into subgroups accord- 
ing to their differing responses to standing. The 
absence of identifiable subgroups in this study may 
be explained by at least two reasons. First the 
patients included were particularly stable, so that 
plasma renin activities were lower than in many 
prévious studies where subgroups were identified 
and hyponatremia was rare. Moreover, although 
stroke work index varied markedly from one patient 
to another, pulmonary capillary wedge pressures 
were >20 mm Hg in most patients, and few patients 
had decreased atrial pressures to near-normal values 
with standing. Thus in these patients large differ- 
ences in low-pressure mechanoreceptor stimulation 
did not occur from one group to another. Second 
standing, ‘although more physiologic: than -passive 
tilt, is.a complex maneuver in which there is isomet- 
ric contraction of a number of muscle groups that 
can stimulate neurohumoral ‘release’ in. some 
patients and prevent venous pooling in others,” two 
factors known to obscure differences between sub- 
groups of patients defined by passive tilt. 
` Release of atrial natriuretic peptide is normally 
largely controlled by atrial pressure and stretch.* In 
this study no correlation was found between atrial 
pressures dnd atrial natriuretic peptide. This could 
have been the result of the high filling pressures of 
the patients in the present: study such that all 
patients were working on the steep portion of their 
diastolic pressure-volume curve, and large differ- 
ences in atrial pressures were reflected by only 
marginal differences’ in atrial dimensions. In this 
situation changes i in atrial dimensions could be more 
dependent on differences i in. atrial compliance than 
on differences in atrial pressures. These characteris- 
tics could also explain the attenuated decrease in 
atrial natriuretic peptide that - occurred: during 
standing. : 

A decrease in receptor number in response to 
continued agonist overstimulation is known to occur 
in many neurohumoral’ systems,?™%8 especially 
when chronic overstimulation could be detrimental. 
For example, the decréase in cardiac beta-1 receptor 
density described in chronic congestive heart fail- 
ure® may reduce the risk of tachyarrhythmias and 
myocardial toxicity caused by chroni¢ally elevated 
myocardial sympathetic tone. Because adrenergic 
receptor downregulation appears to be predomi- 
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nantly a beta-receptor phenomenon,®? it may in 
itself lead to further deterioration of these patients 
with further increases in sympathetic tone resulting 
in predominantly counterproductive vasoconstrictor 
alpha effects. The lack of correlation that occurred 
between the changes in heart rate and plasma 
norepinephrine levels during standing is probably at 
least partially a reflection of beta-receptor downreg- 
ulation and attenuation of end-organ response. 

There is also evidence to suggest that receptor 
downregulation occurs in at least two other vasoac- 
tive neurohumoral systems operative in congestive 
heart failure. Angiotensin II receptor density is 
decreased in platelets from patients with high levels 
of circulating angiotensin II because low-sodium 
diets,® and it is more than likely that the same 
occurs in response to increased levels of circulating 
angiotensin II in patients with chronic congestive 
heart failure. Atrial natriuretic peptide receptor 
density is also known to be decreased in patients 
with congestive heart failure.** This decrease in 
receptor density may help explain why the effects of 
atrial natriuretic peptide are so attenuated in con- 
gestive heart failure.” Finally preliminary results 
from our laboratory suggest that the number of 
platelet vasopressin receptors is markedly decreased 
in patients with congestive heart failure, and it is 
possible that prostaglandin E, receptor downregula- 
tion occurs in patients with congestive heart failure 
and chronically elevated prostaglandin E levels, 
since subcutaneous injections of the 16,16-dimethyl 
analogue of prostaglandin E, have been shown to 
cause downregulation of liver plasma prostaglandin 
E receptors in rats. Thus receptor downregulation 
appears to occur in most of the vasodilator and 
vasoconstricting systems involved in the pathophys- 
iology of congestive heart failure. The exact role of 
receptor downregulation in this study remains 
unclear; however, the lack of correlation between 
changes in neurohumoral variables and changes in 
hemodynamic variables during standing or captopril 
therapy suggests that the role of receptor downregu- 
lation in attendating effector organ response is an 
important one. 
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Noninvasive quantification of mitral regurgitation 
in dilated cardiomyopathy: Correlation of two 
Roppler echocardiographic methods 


The presence and severity of functional mitral regurgitation were quantified by Doppler 
echocardiography in 17 patients with. dilated cardiomyopathy and no evidence of primary valvular 
disease. Mitral regurgitant fraction was greater than 20% in 11 of the 17 patients, and exceeded 
40% in four patients. Total stroke volume, calculated from the difference between end-diastolic 
and end-systolic volumes obtained by two-dimensional echocardiography, correlated well with 
mitral valve inflow determined by Doppler echocardiography (r = 0.90, p < 0.001). Similarly, 
mitral regurgitant volume, calculated as the difference between echocardiographic total stroke 
volume and forward aortic volume obtained by Doppler echocardiography, correlated well with 
regurgitant volume calculated as the difference between mitral valve inflow and forward aortic. 
flow, both determined by Doppler echocardiography {r = 0.90, p < 0. 001). Accordingly, functional 
mitral regurgitation can be conveniently demonstrated in patients with dilated cardiomyopathy by 
two different Doppler echocardiography methods, whose results are closely correlated. Mitral 
regurgitant fraction -is_ greater than 20% in two thirds of the patients with a dilated 


cardiomyopathy. (Am Heart J 1988;1 16:758.) 


Gad Keren, MD,* Stuart Katz, MD, Joel Strom, MD, Edmund H. Sonnenblick, MD, 


and Thierry H. LeJemtel, MD. Bronx, N.Y. 


Doppler echocardiography has recently become a 
convenient and reliable technique for the noninva- 
sive detection of mitral regurgitation (MR),’* and 
has been very useful in demonstrating the high 
frequency and severity of functional MR in patients 
with dilated cardiomyopathy.’ Moreover, the 
amount of MR in a given patient contributes sub- 
stantially to the hemodynamic response to pharma- 
cologic interventions in these patients,®* and thus it 
has become increasingly important to quantify the 
amount of MR. Two methods that use Doppler 
echocardiography have been proposed for the quan- 
titative estimation of MR, and have been validated 
against angiographic methods in patients with pri- 
mary mitral valve disorders.!*"! In both methods, 
the amount of regurgitation is calculated from the 
difference between total stroke volume and forward 
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aortic stroke volume; one method derives total 
stroke volume from Doppler-estimated mitral filling 
volume,” while the other obtains total stroke volume 


‘by two-dimensional echocardiography.“ 


The present study was undertaken to quantify 
regurgitation in patients with dilated cardiomyopa- 
thy in whom no primary mitral valve abnormality 
was evident. The ultrasound methods were used and 
cross-correlated for the estimation of total stroke 
volurne and the amount of MR. 


METHODS. 


Patient population. Twenty consecutive patients with 
chronic congestive heart failure, who were admitted to the 
coronary care unit for invasive hemodynamic monitoring 
of inotropic or vasodilator therapy, underwent echocardio- 
graphic and Doppler studies. An adequate noninvasive 
examination was obtained in 17 patients. They were in 
functional class III to IV according to the New York Heart 
Association classification, despite therapy with digitalis, 
diuretics, and nitrates. No patient had been previously 
treated -with hydralazine, éaptopril, or.prazosin. Their 
ages averaged 63 years and ranged from 52 to 78 years. All 
patients were in sinus rhythm except one (No. 14) who was 
in atrial fibrillation. Left ventricular ejection fraction 
averaged 25% and ranged from 17% to 35%. Twelve of 
the 17 patients demonstrated a holosystolic murmur at 
the apex, consistent with the presence of mitral valve 
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Table |. Hemodynamic parameters 
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HR RAP SAP PCWP CI SV SVR 
Patient (beats/min) (mm Hg) (mm Hg) (mm Hg) (Liminim?) (ml/beat) (dyne - sec -em `’) 
1 76 3 T7 6 3.18 69 1127 
2 86 8 80 20 2.64 42 1578 
3 90 3 85 10 2.3 39 1853 
4 88 0 719 Il 1.47 29 2488 
5 80 3 85 30 2.2 55 1490 
6 92 3 94 36 2.54 45 1741 
7 67 5 73 21 2.18 53 1528 
8 65 0 94 12 2.59 58 1984 
9 TL 12 103 16 1.56 40 2815 
10 79 9 88 19 2:25 59 1350 
il 100 22 97 30 2.09 37 1639 
12 92 15 15 26 1.63 37 1437 
13 84 12 106 15 2.74 63 1426 
14 85 9 99 20 1.37 27 3157 
15 84 1 69 11 2.36 - 43 1494 
16 76 0 102 4 2.07 61 1770 
17 63 7 98 li 1.98 53 2192 
Mean 81 -7 88 18 2.17 28 1827 
+ SD +10 +6 +12 +9 +0.49 +12 +547 











CI = cardiac index; HR = heart rate, PCWP = mean pulmonary capillary wedge pressure; RAP = right atrial pressure; SAP = mean systemic arterial 


pressure; SV = stroke volume; SVR = systemic vascular resistance. 


regurgitation. The mitral apparatus, tricuspid, and aortic 
valve were carefully evaluated by Doppler echocardiogra- 
phy to detect any malfunction. None of the patients had 
primary mitral valve disease or flail mitral leaflet. Nine 
patients had mild tricuspid regurgitation and none had 
aortic regurgitation. Left ventricular end-diastolic volume 
was substantially enlarged in all patients. In nine patients, 
the etiology of the dilated cardiomyopathy was coronary 
artery disease that was documented by previous myocar- 
dial infarctions and/or abnormal coronary angiograms. No 
patient had sustained a myocardial infarction within 6 
months of the study. The dilated cardiomyopathy was of 
unknown etiology in five patients and was alcoholic in 
origin in the remaining three. 

Long-acting nitrates were discontinued 72 hours prior 
to admission to the coronary care unit. The nature of the 
study was explained to all patients, who then gave signed 
consent. 

Hemodynamics. Right heart catheterization was per- 
formed with a flow-directed, balloon-tipped, thermodilu- 
tion catheter. Mean pulmonary arterial, pulmonary capil- 
lary wedge, and right atrial pressures were monitored and 
recorded (Electronics for Medicine/Honeywell Inc., Pleas- 
antville, N.Y.). Cardiac output was determined by the 
thermodilution technique with iced 5% dextrose in water, 
and was obtained in triplicate with less than 10% varia- 
tion. Computations of cardiac output were made with a 
bedside computer (No. 9520A, Baxter Edwards Divisions, 
Irvine, Calif.). Systemic arterial pressure was obtained by 
insertion of an indwelling catheter into the radial artery. 
Derived hemodynamic indices were calculated by stan- 
dard formulas. In patients who were found by Doppler to 


have tricuspid regurgitation, cardiac output was derived 
from the Fick method with diract measurement of oxygen 
uptake and arteriovenous oxygen difference, and corre- 
lated well with the thermodilution technique (r = 0.90, 
p < 0.001). 

Noninvasive studies. A Hewlett-Packard ultrasound 
imaging system (77020AC, Hewlett-Packard Co., Ando- 
ver, Mass.) was used for both imaging and Doppler flow 
studies. The system has a phased-array sector scanner and 
a movable Doppler cursor that allow sampling directed by 
two-dimensional echocardiographic imaging in the pulsed 
Doppler mode. The noninvasive studies were performed 
simultaneously with cardiac output determination by the 
thermodilution method. The patient was asked to avoid 
deep inspiration or Valsalva maneuver. MR volume was 
calculated as the difference between total left ventricular 
stroke volume and forward aortic flow. Total left ventric- 
ular stroke volume was obtained by two-dimensional 
echocardiography and by calculation of forward mitral 
filling volume over the mitral anulus. 

Total stroke volume by two-dimensional echocardiog- 
raphy. The apical four-chamber view was used for estima- 
tion of volume.®*!*" The patient was positioned in the . 
left lateral decubitus position. Every effort was made to 
obtain the maximal length and width of both right and left 
ventricles. Optimal and reproducible transducer angula- 
tion was ensured by angling the imaging plane dorsally 
and ventrally to visualize the mitral and tricuspid valve 
leaflets and left atrium. 

Images were accepted for analysis when at least 80% of 
the endocardium was seen. None of the patients with 
coronary artery disease had significant left ventricular 
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Table ll. Echo-Doppler measurements and derived parameters 





Patient EDV ESV TSV ASV MFV 
No. (ml) (ml) (ml) (ml) (mb) 
1 202 129 73 64 70 
2 179 125 54 46 62 
3 217 162 55 37 51 
4 252 200 52 30 54 
5 308 242 66 57 67 
6 235 183 52 39 53 
7 232 193 39 37 37 
8 248 179 69 54 61 
9 175 116 59 56 59 
10 297 228 69 52 63 
Il 178 130 48 37 58 
12 245 176 70 40 70 
13 354 278 75 69 67 
14 285 233 52 33 59 
15 274 193 81 38 81 
16 299 241 58 62 64 
17 228 142 86 66 84 
Mean 248 185 62 48 62 
+SD +61 £48 +18 +13 #11 








MRVa MRVb 

(ml) (ml) RFa RFb EFa EFb 
9 6 12 9 36 35 
8 16 14 25 30 34 
18 14 33 27 25 28 
22 24 42 44 20 16 
9 10 14 15 21 21 
13 14 25 26 22 22 
2 0 5 0 17 16 

15 7 22 11 27 24 - 
3 3 5 5 33 33 
17 11 25 17 27 21 
11 21 23 36 27 33 
30 30 43 43 28 28 
6 0 8 0 21 18 
19 26 36 44 18 21 
43 43 53 53 29 29 
0 2 0 3 19 21 
20 18 23 21 37 35 
14 14 23 22 26 25 

+12 +11 #15 +16 +6 +7 





ASV = aortic forward stroke volume; EDV = end-diastolic volume; ESV = end-systolic volume; MFV = mitral filling volume; MRVa = mitral regurgitation 
volume by method a*; MRVb = mitral regurgitation volume by method b*; TSV = total stroke volume; RFa = regurgitation fraction by method a*; 
RFb = regurgitation fraction by method b*; EFa = ejection fraction by method a*; EFb = ejection fraction by method b*. 


*For a description of methods a and b, see Methods section of the report. 


asynergy. Endocardial echocardiograms were traced with 
an integrated Echo-Doppler analyzer (Microsonics-Data- 
vue, Indianapolis, Ind.) programmed for single-plane area, 
length, and volume computation by means of Simpson’s 
rule, as previously described.*”? Left ventricular volumes 
were measured at end diastole (i.e., largest dimension or 
onset of the QRS complex) and at end systole (i.e., 
smallest dimension or one frame prior to opening of the 
mitral valve). 

Total stroke volume was calculated from end-diastolic 
and end-systolic volumes. Three to five cardiac cycles 
were analyzed when patients were in sinus rhythm (<5% 
variation per cycle) and seven cycles were analyzed in one 
patient who was in atrial fibrillation. Left ventricular 
ejection fraction was calculated by two methods: a,.the 
ratio of total stroke volume obtained by echocardiography 
to end-diastolic volume and b, the ratio of total stroke 
volume obtained by Doppler study of forward mitral flow 
to end-diastolic volume obtained by echocardiography. 

Forward stroke volume by pulsed Doppler cardiogra- 
phy. Left ventricular outflow was recorded from the apical 
position at the level of the aortic anulus, as described 
previously.*? The sample volume was placed in the middle 
of the left ventricular outflow tract, immediately proximal 
to the leaflets of the aortic valve. Slight adjustments were 
required to optimize the orientation between the sample 
volume and flow. 

Forward aortic flow volume was determined as the 
product of the integrated velocity of aortic outfiow rela- 
tive to time, and the cross-sectional area of the aortic 


anulus. Curves exhibiting the highest peak velocities of 
flow were selected for analysis. The cross-sectional area of 
the aortic anulus was calculated as wr’, where r represents 
half of the maximal annular diameter measured in the 
parasternal long-axis view, immediately proximal to the 
points of insertion of the aortic leaflets. Measurements of 
aortic anulus were made from leading edge to leading edge 
at mid-systole. 

Mitral flow study. The presence of mitral insufficiency 
was thoroughly searched for by scanning the atrium near 
the mitral valve for regurgitating flow. Mitral flows at the 
levels of the tips of the mitral leaflets and at the mitral 
anulus were recorded. 

Mitral flow and left ventricular outflow velocities were 
recorded on video (Panasonic AG6300, Panasonic Interna- 
tional, Secaucus, N.J.) and on a hard copy recorder 
(Hewlett-Packard 77500B) at a paper speed of 100 mm/ 
sec. Three to five Doppler flow tracings were analyzed in 
the patients with sinus rhythm and seven tracings were 
made in the patient in atrial fibrillation. 

Mitral inflow was determined from the product of the 
integrated mitral flow velocity curve over time and mitral 
anulus area.“ The diameter of the mitral anulus was 
measured as the distance from the lateral inner edge to the 
medial inner edge of the anulus just below the insertion of 
the mitral leaflets, with the apical four-chamber view. 
Measurements were made two or three frames after the 
maximal opening of the anterior leaflet. Cross-sectional 
areas were obtained assuming a circular geometry, i.e., zr’, 
where r represents half of the annular diameter. 
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Fig. 1. Correlation between stroke volume obtained by 
thermodilution and aortic stroke volume measured by 
Doppler echocardiography at the aortic anulus. 


The regurgitant volume and regurgitation fraction were 
derived by two methods: In method a, regurgitant volume 
(MRVa) was measured as the difference between total 
stroke volume obtained by two-dimensional echocardiog- 
raphy (TSVe) and forward aortic stroke volume obtained 
by Doppler (ASVd). The mitral regurgitant fraction 
(MRFa) was calculated as the ratio of the regurgitant 
volume (MRVa) to the total stroke volume by echo- 
cardiography (TSVe). Thus MRVa = TSVe-ASVd and 
MRFa = MRVa/TSVe. In method b, mitral regurgitant 
volume (MRVb) was derived from the difference between 
forward mitral filling volume (MFVd) and aortic stroke 
volume (ASVd), both obtained by Doppler. Mitral regur- 
gitation fraction (MRFb) was calculated as the ratio of 
MRVb to MF'Vd. 

Statistical analysis. The data were expressed as 
mean + SD. Differences between means were determined 
by Student’s ¢ test. A regression analysis was performed to 
determine the relationship between volumes and fractions 
derived by the different methods. The correlation coeffi- 
cient (r) was determined for each regression analysis. 
Statistical significance was accepted at a 95% confidence 
level. 


RESULTS 


The hemodynamic measurements for ‘all 17 
patients are detailed in Table I, while noninvasive 
measurements are shown in Table II. Left ventricu- 
lar performance was compromised in all patients, as 
evidenced by a reduced cardiac index averaging 
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Fig. 2. Correlation between total stroke volume derived 
from left ventricular end-diastolic and systolic volumes 
measured by two-dimensional echocardiography and 
transmitral filling volume measured by Doppler echocar- 
diography at the mitral anulus. 


2.17 + 0.49 L/min/m’, and an increased pulmonary 
capillary wedge pressure of 18 + 9 mm Hg. Left 
ventricular end-diastolic volume was increased to 
248 + 51 ml, with an average ejection fraction of 
25 + 6%. Left ventricular end-diastolic volume 
tended to be greater in patients with nonischemic 
cardiomyopathy than in those with ischemic cardio- 
myopathy, although it did not reach statistical 
significance: 256 + 38 vs 239 + 60 ml (NS). 

MR was detected in all but one patient. The 
regurgitant volume was greater than 10 ml in 11 of 
the 17 patients, which corresponded to a regurgitant 
fraction of more than 20%. Overall, the MR fraction 
ranged from 0% to 58%. MR volume was correlated 
with mitral annular area (r = 0.53, p < 0.05), but not 
with end-diastolic volume. MR volume was greater 
in patients with nonischemic cardiomyopathy than 
in those with ischemic cardiomyopathy: 17 + 7 vs 
12 + 12 mi (p < 0.05). Similarly, the area of the 
mitral anulus tended to be greater in patients with 
nonischemic cardiomyopathy than in those with 
ischemic cardiomyopathy: 8.1 + 1.7 vs 7.4 + 1.9 
cm?, 

Forward stroke volume measured by the thermo- 
dilution technique averaged 48 + 12 ml and corre- 
lated well with aortic stroke volume obtained by 
Doppler echocardiographic methods (Fig. 1; 
r = 0.80, p < 0.001). Total strcke volume, as calcu- 
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Fig. 3. Correlation between mitral regurgitant volume 
(MRVa) obtained from the difference between echocar- 
diographic total stroke volume and Doppler-derived aortic 
stroke volume and (MRVb) mitral regurgitant volume 
obtained from the difference between Doppler-derived 
transmitral filling volume and aortic stroke volume. 


lated by two-dimensional echocardiography, aver- 
aged 62 + 13 ml and was highly correlated with the 
mitral filling volume obtained by Doppler cardio- 
graphic measurements of flow past the mitral valve 
anulus (Fig. 2; r = 0.90, p < 0.001). As a consequence 
of the close correlation of total stroke volume mea- 
sured by either echocardiographic or Doppler tech- 
niques, MR volume derived by both techniques was 
identical (14 + 11 vs 14 + 12 ml) and was closely 
correlated (Fig. 3; r= 0.90, p < 0.001). Similarly, 
MR fraction derived by both techniques was highly 
correlated: r = 0.92; p < 0.001 (Fig. 4). 

Left ventricular ejection fraction derived from 
ventricular volumes measured by echocardiography 
correlated well with that calculated from the ratio of 
mitral valve filling volume derived by Doppler tech- 
nique (Table II): r = 0.9, p < 0.001. 


DISCUSSION 


With Doppler echocardiography, previous investi- 
gators®*%15 have documented the high frequency of 
functional MR in patients with dilated cardiomyop- 
athy. Our present data not only confirm the high 
incidence of MR in this patient population, but also 
quantify the severity of the functional MR. The 
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Fig. 4. Correlation between regurgitant fraction calcu- 
lated by two methods: MRFa, as the ratio of regurgitant 
volume to total stroke volume obtained by two-dimension- 
al echocardiography and (MRFb, as the ratio of regurgi- 
tant volume to total stroke volume obtained by Doppler 
study of forward mitral flow. . 


regurgitant fraction was greater than 20% in 
approximately two thirds of our patients, and even 
exceeded 40% in one fifth of them. Of importance, 
the hemodynamic benefits of hydralazine in patients 
with chronic heart failure, which are predicated on 
reducing the amount of MR, are not observed in the 
absence of functional MR." 

The intensity of the Doppler signal, its extension 
into the left atrium, and the increase in forward flow 
across the mitral valve were initially used to assess 


` the severity of MR by echocardiography.'* Two- 


dimensional, color-coded Doppler cardiography fur- 
ther extends these methods,'” * but does not require 
the tedious atrial interrogation needed with the 
routine pulsed Doppler technique. More recently, 
Doppler echocardiographic techniques have been 
used to quantify MR volume as the difference 
between total stroke volume and forward stroke 
volume. 41° During cardiac catheterization, for- 
ward stroke volume is measured by the Fick princi- 
ple and total stroke volume is obtained by left 
ventriculography.” With Doppler echocardiogra- 
phy, forward stroke volume, i.e., aortic blood flow, is 
the product of aortic area measured by echocardiog- 
raphy and the velocity of blood flow integrated over 
time. Total stroke volume is obtained either by 
determination of ventricular volumes by two-dimen- 
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sional echocardiography or by mitral valve inflow 
determined by Doppler echocardiography tech- 
niques, similar to the method used for aortic blood 
flow. 

The various methods for measuring mitral filling 
volume and aortic stroke volume differ mainly in the 
sampling site and in calculation of the orifice of flow. 
The area derived from echocardiography generally 
assumes a circular shape of the orifice. This assump- 
tion is marred by potential error in the radius 
measurement, which may result in marked differ- 
ences in the area calculated. In a dog model, Ascah 
et al.” calculated MR from the difference between 
Doppler-derived forward mitral filling volume and 
aortic stroke volume. As suggested by Fisher et al., 
the sampling volume was positioned at the tips of 
the mitral leaflets. This method has proven accurate 
in experimental preparations’ but not in clinical 
use.” 

Alternatively, left ventricular filling can be deter- 
mined by positioning the sampling volume at the 
mitral anulus. >! The mitral annular area is 
assumed to be circular and in calculated from the 
four-chamber view, taken two to three frames after 
the initial maximal opening of the anterior mitral 
leaflet. However, the mitral anulus is ellipsoid rather 
than circular, and in normal subjects the annular 
area varies during the cardiac cycle” as the maximal 
diameter occurs just before the onset of atrial systo- 
le.2”.8 These inherent methodologic problems are of 
less importance in patients with dilated cardiomy- 
opathies, where mitral anuli are dilated, are presum- 
ably moře circular, and are less dynamic. In con- 
trast to the dynamic nature of the mitral valve 
anulus, the aortic root is nonmuscular, and its 
diameter does not change substantially during the 
cardiac cycle, except in aortic insufficiency.*° Con- 
sequently, Doppler echocardiography allows an 
accurate measurement of aortic. stroke volume and 
has been validated relative to other techniques.» ® “4 
The close correlation found in our study between 
forward stroke volume obtained by thermodilution 
and by doppler echocardiography confirms the accu- 
racy of the Doppler echocardiographic method. 

Total stroke volume can be determined from left 
ventricular diastolic and systolic volumes measured 
by two-dimensional echocardiography.” * 313 Echo- 
cardiography tends to underestimate volumes when 
compared to cineangiography, primarily when the 
inner edge instead of the leading edge tracing meth- 
od is used. To be accurate, this method requires 
visualization of most of the endocardial surface.’ 13 
Blumlein et al.“ used this approach to quantify MR. 
Forward stroke volume was calculated from the 
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prodict of M-mode-derived aortic valve area, and 
the integral of ascending aortic flow velocity assess- 
ed by continuous wave Doppler, while left ventricu- 
lar stroke volume was determined from two-dimen- 
sional echocardiographic diastolic and systolic vol- 
umes. 

In the present study, an excellent correlation was 
found between total stroke volume calculated by 


‘echocardiography and by Doppler cardiography. 


MR volume, derived from these two methods, corre- 
lated closely. Thus these two techniques can be used 
interchangeably to estimate MR. The combined 
echocardiography-Doppler method can be used 
when a good outline of the endocardial surface is 
obtained and when there is no significant ventricu- 
lar asynergy. The second method, the use of the 
Doppler flow technique, should be used in patients 
in whom mitral annular area can be accurately 
calculated and mitral Doppler velocity flow can be 
precisely traced. 

A substantial amount of MR is frequently 
observed in patients with dilated cardiomyopathies. 
MR, which is highly dependent on the mitral valve 
regurgitant area, has been attributed to dilatation of 
the mitral anulus.®***’ As demonstrated with nitro- 
glycerin,®**®° 6 noninvasive quantification of MR 
should improve our understanding of the mecha- 
nisms involved and/of the effects of ether pharma- 
cologic interventions. 
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Cimetidine: A study in six healthy volunteers has shown a 
significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) after a one-week course of cimetidine 
at 1,200 mg per day and diltiazem 60 mg per day. Ranitidine 
produced smaller, nonsignificant increases. The effect may be 
mediated by cimetidine’s known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in 
pharmacological effect when initiating and discontinuing 
therapy with cimetidine. An adjustment in the diltiazem dose 
may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to 
avoid possible over- or under-digitalization. (See WARNINGS. j 

Anesthetics: The depression of cardiac contractility 
conductivity. and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers shauld be titrated carefully. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats. 

Pregnancy. Category C Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and 
fetal lethality. These doses, in some studies, have been reported 
to cause skeletal abnormalities. In the perinatal/postnatal 
Studies, there was some reduction in early individual pup 
weights and survival rates. There was an increased incidence 
of stillbirths at doses of 20 times the human dose or greater 

There are no well-controlled studies in pregnant women 
therefore. use CARDIZEM in pregnant women only if the potential 
benefit justifies the potential risk to the fetus 

Nursing Mothers. Diltiazem is excreted in human milk One 
report suggests that concentrations in breast milk may approxi- 
mate serum levels. If use of CARDIZEM is deemed essential, an 
alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 

ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date. but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnormali- 
ties have usually been excluded 
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In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater 
than that reported during placebo therapy. 

The following represent occurrences observed in Clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presentation 
are: edema (2.4%), headache (2.1%), nausea (1.9%), dizziness 
(1.5%), rash (1.3%), asthenia (1.2%). In addition, the following 
events were reported infrequently (less than 1%). 
Cardiovascular. Angina, arrhythmia, AV block (first degree), 
AV block (second or third degree—see 
conduction warning), bradycardia, 
congestive heart failure, flushing, 
hypotension, palpitations, syncope 
Amnesia, depression. gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, 
somnolence. tinnitus, tremor. 

Anorexia, constipation, diarrhea, 

dysgeusia, dyspepsia, mild elevations of 

alkaline phosphatase, SGOT, SGPT, and 

LDH (see hepatic warnings), vomiting 

weight increase 

Petechiae, pruritus, photosensitivity, 

urticaria 

Other: Amblyopia, CPK elevation, dyspnea, 
epistaxis, eye irritation, hyperglycemia, 
nasal congestion, nocturia, osteoarticular 
pain, polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingival 
hyperplasia, erythema multiforme, and leukopenia. However, a 
definitive cause and effect between these events and CARDIZEM 
therapy is yet to be established. 
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Increased left ventricular diastolic stiffness in 
the early phase of hereditary cardiomyopathy 


Isolated hearts from normal and cardiomyopathic hamsters (160 to 180 days of aga) were 


perfused through the aorta and assessed by echocardiographic and 31P.NMR (nuclear magnetic 
resonance) techniques. A decreased left ventricular systolic pressure in cardiomyopathic 
hamsters was associated with diminished cardiac size and left ventricular wall thickness. 
However, the ratio of inner/outer cross-sectional area and estimated left ventricular volume at 
any given left ventricular weight was significantly higher, indicating relative left ventricular , 
chamber enlargement in cardiomyopathic hamsters. Left ventricular volumes were. increased with 
an intraventricular balloon. Gradual inflation of the balioon resulted in increments of left . 
ventricular systolic and developed stress that rose to the same values in both groups. At this 
point, the normalized stress-strain relationship was approximately two times steeper for 
cardiomyopathic hamsters, while at lower strain values the diastolic stress in, cardiomyopathic 
hamsters was less than in controls, possibly due to cardiac dilatation: Almost the same degree of 
dilatation. was induced in control hearts by the acute addition of 1% alcohol, but it was not. 
followed by increased diastolic stiffness. Examination of hearts by °‘P-NMR techniques revealed 
a decreased phosphocreatine/inorganic phosphate (PCr/Pi) ratio in the cardiomyopathic - 
hamsters that progressed further-with balloon inflation and was associated with a relative fall in 
PCr and adenosine triphosphate (ATP) content. Results suggest Increased diastolic stiffness in 
cardiomyopathic hamsters, which was not seen in acute cardiac depression with alcohol. 
Diastolic volume overload with increased wall stress is probably the major factor contributing to 
increased diastolic stiffness early in the cardiomyopathy. (Am Heart J 1988;116:765.) 


Valerie I. Kapelko, MD, William W. Parmley, MD, Shao Wu, PhD, 
Robert D. Stone, MD, Gaetan Jasmin, PhD,’ and Joan Wikman-Coffelt, PhD. 
San Francisco, Calif.; Moscow, U.S.S.R.; and Montreal, Quebec, Canada 


A hereditary strain of Syrian hamsters has been 
used as a model of chronic cardiomyopathy and 
heart failure that develops at about 200 days. 
Despite a number of studies showing . multiple 
abnormalities in cellular function, the precise mech- 
anism for development of the cardiomyopathy 
remains unclear. Cellular calcium overload seems to 
play an important role in cellular dysfunction, which 
results in deterioration of cardiac performance as 
revealed by reduced developed pressure** and myo- 
cardial peak force, as well as velocity of muscle 
shortening.® Less attention has been given to cardiac 
diastolic properties. It has been shown that heart 
failure is associated with cardiac dilatation’’; how- 
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ever, cardiac distensibility has not been’studied. The 
first purpose of this study therefore was to investi- 
gate the’ diastolic: properties of cardiomyopathic 
hamster hearts in the stage preceding the develop- 
ment of heart failure. > | ~ 

Tt has recently been shown®? that alcohol- induced 
cardiac dysfunction in hamsters has some features 
in common with the hereditary cardiomyopathy; 
namely, a depression of cardiac performance and 
myocardial energy stores, both of which can be 
prevented by verapamil treatment. Measurements 
of cardiac dimensions have shown’ that left ventric- 
ular wall thickness becomes thinner with acute 
alcohol infusion, suggesting cardiac dilatation. The 
second purpose of this study therefore was to i inves- 
tigate the diastolic properties of this model of acute 
cardiac depression, and compare it with the cardio- 
myopathic hamster. 


METHODS 


Study groups. Syrian hamsters of the UM- 7.1 strain 
(a subline of Bio 14.6) between 160 and 180 days of age 
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Table |. Left ventricular weights, pressures, and dimensions of normal and myopathic hamster hearts 























Normal Myopathic 
LV weight (gm) 
0.43 + 0.016 0.38 + 0.02 
Balloon volume 
Indices _ 0 Max 0 Max 

Systolic pressure (mm Hg) 20 +3 119 + 9 94 4* l 119 + 14 
Diastolic pressure (mm Hg) . STED 61+ 13 9+3 64 + 17 
LV inner cross-sectional area (mm?) 18.8 + 1.3 . 23.7 + 1.7 23.6 + 1.8 26.4 + 2.6 
LV outer cross-sectional area (mm?) 90+ 2.1 94.7 + 2.2 80.7 + 3.8* 83.2 + 7.3 
Ratio inner/outer area 0.21 + 0.01 0.25 + 0.01 0.29 + 0.02* 0.32 + 0.05 
Wall thickness (mm) 2.92 + 0.08 2.71 + 0.09 2.33 + 0.08* 2.25 + 0.1* 
LV midwall radius (mm) 3.84 + 0.07 4.08 + 0.08 3.89 + 0.11 4.01 + 0.14 
LV volume (u1) 105 + 9 138 + 12 135 + 12 152 + 15 
LV midwall length (mm) 24.4 + 0.4 25.8 + 0.4 24.4 + 0.7 25.2 + 0.8 - 





Values are.meari + SE. 
*p <0.05 as compared to corresponding normal hearts. 


were used for the study of cardiac function and dimen- 
sions (n = 10) as well as energy metabolism by “P-NMR 
(nuclear magnetic resonance) spectroscopy (n = 5). Age- 
‘matched Golden hamsters served as a control group 
(n = 11 and 4, respectively). In the normal hearts an acute 
alcohol effect was studied by the addition of 1% ethanol 
to the perfusate. 

Isolated perfused heart studies. Hamsters were anes- 
thetized with ether and the hearts were removed. The 
aorta was cannulated and retrograde perfusion was 
started at a perfusion pressure of 110 mm Hg. The 
perfusate contained the following (in mmol/L): 117 NaCl, 
4.3 KCl, 1.2 MgCl, 0.1 K,HPO,, 25 NaHCO,, 2.5 CaCl, 0.5 
NaEDTA (sodium ethylenediamine tetraacetic acid), and 
15 glucose. The medium was bubbled with 95% O, and 5% 
CO,. Millipore filters (0.65 um) were placed subsequent to 
the peristaltic pump for constant filtering of the perfu- 
sate. Pacing wires leading to a Grass stimulator (Grass 
Instrument Co., Quincy, Mass.) were inserted into the 
base of the right ventricle and hearts were paced at a rate 
close to the natural 200 to 230 beats/min. 

A small cannula with a latex balloon was placed into the 
left ventricle through the mitral valve and the balloon 
volume was controlled by a precision syringe. The cannula 
was connected to a Statham P23Db transducer (Gould 
Inc. Cardiovascular Products, Oxnard, Calif.) for pressure 
recording by a Beckman dynagraph (Beckman Instru- 
ments Inc., Brea, Calif.}. The left ventricular systolic, 
diastolic, and developed pressures as well as dP/dt were 
measured. 

Echocardiography. Hearts were immersed in a solution 
of coronary perfusate contained within a latex balloon 
with an approximate diameter of 4 cm. Cross-sectional 
cardiac images were obtained by a Coopervision Ultrascan 


Digital B System IV (Coopervision Inc., San Jose, Calif.), 
with a 10 MHz scan probe in B mode, having a 57 degree 
sector, with a resolution of 0.2 mm and a penetration of 60 
mm. Similar instrumentation has been used for imaging 
the eye and small hearts." The transducer angle, gain, 
and enhancement controls were adjusted for maximal size 
and better visualization of the ventricular chamber. The 
transducer was then held in a fixed position in relation to 
the heart. Recordings were made on VHS videotape at 30 
frames/sec, with 64 shades of grey, a B-scan line density of 
10 lines/degree, and 512 lines. 

Quantitative analysis of amplified images was perform- 
ed from the screen of a Sony TV set using a Mitsubishi 
VCR (Mitsubishi Corp., Tokyo, Japan) for fixing images. 
The left ventricular inner and outer cross-sectional areas 
were manually otitlined and electronically integrated. For 
the inner area, the surface irregularities were smoothed 
and dropout gaps were bridged. The inner and outer left 
ventricular radii were calculated from the data and the 
difference between them represented estimated left ven- 
tricular wall thickness. The left ventricular midwall radius 
was calculated, and circumferential left ventricular systol- 
ic and diastolic (e) stress were estimated by the formula: 
o = PR/2T, where P = pressure, R = midwall radius, and 
T = wall thickness. Midwall circumferential length was 
also calculated by the formula: L = 27R. The left ventric- 
ular apex-to-base length was measured at the end of the 
experiment. As it usually changed significantly less than 
the transverse diameter during volume loading, the 
obtained value was used for calculation of left ventricular 
(LV) volume assuming its shape as an ellipsoid of revolu- 
tion by the formula: V = 4/3 R? x B, where R is the inner 
radius and B is the long axis. Calculated increments of left 


ventricular volume during balloon inflation closely corre- 
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Fig. 1. Relation between left ventricular wet weight and 
calculated volume in hearts of Golden hamsters (Normal) 
and Syrian myopathic hamsters. Correlation coefficient 
for normal was 0.94, and for myopathic, 0.63. 


sponded to actual values. All measurements were made by 
two observers. Interobserver variance was small and did 
not influence statistics. 

NP-NMR spectroscopy. The heart was placed into the 
20 mm ampule of a 5.6 tesla vertical 76 mm bore spectrom- 
eter, as described earlier. The home-built spectrometer 
was connected to a 1180 Nicolet computer and a Nicolet 
293B pulse programmer (Nicolet Instruments, Madison, 
Wisc.). “P-NMR spectra were obtained without proton 
decoupling at 97.3 MHz. For each spectrum, collected for 
10 minutes, the characteristic peaks of inorganic phos- 
phate (Pi), PCr (phosphocreatine), and phosphate groups 
of adenosine triphosphate (ATP) were identified. The 
area of each peak was electronically integrated after 
defining the baseline, and was expressed as “mole frac- 
tion” (percent) by dividing the integrated value for Pi, 
PCr, and ATP by the sum of the integrated values for all 
peaks. The PCr/Pi ratio was calculated and intracellular 
pH was estimated from the chemical shift of the pH- 
dependent peak of Pi relative to the peak of PCr. 

After removal of the free wall of the right ventricle, the 
left ventricle was blotted dry and weighed. 


RESULTS 


The left ventricles of Syrian hamsters had similar 
weights to those of Golden hamsters (Table I). 
Almost all cardiomyopathic hamster hearts had 
scar-like white bundles on the external surface of 
the left ventricle. At unstretched balloon volumes, 
cardiomyopathic hearts exhibited lower systolic 
pressure than hearts from Golden hamsters. The 
outer cross-sectional area of the left ventricle was 
10% less in cardiomyopathic hearts, while inner 
cross-sectional area was higher. As a result, the ratio 
between inner and outer cross-sectional areas was 
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Fig. 2. Relation between LV developed stress and LV 
strain (circumferential length) normalized to the length 
(Lmax or 100%) corresponding to maximal developed 
stress for normal and myopathic hearts. The effect of 
alcohol on the normal hearts is also seen. Stress is 
calculated as millimeters of mercury (mm Hg). 


88% higher and estimated LV wall thickness was 
20% lower in cardiomyopathic hearts as compared 
to the normal hearts (Table I). 

The LV volume of cardiomyopathic hearts did not 
differ significantly from that of normal hearts due to 
the scatter of LV weights. The analysis of the 
relation between LV weight and volume revealed a 
direct correlation in both groups (Fig. 1), especially 
in the control group where the correlation coeffi- 
cient was 0.94. The slope of this relationship was 
lower in cardiomyopathic hearts by 34%, and the 
LV volume was larger at equal LV weights. The 
enlarged LV cavity in cardiomyopathic hearts was 
easily seen in echocardiographic pictures. 

Gradual increments in balloon volume resulted in 
a rise in LV systolic and diastolic pressures. The 
latter increased relatively more in hearts of lesser 
size, probably due to a relatively larger volume 
occupied by the balloon itself in the LV cavity. 
Larger hearts, on the other hand, exhibited a lesser 
increase in diastolic pressure. This difference made 
comparison of absolute data difficult, so in each 
experiment the balloon volume at which maximal 
developed pressure was observed (Lmax) was taken 
as a reference point. At this point, all functional and 
dimensional parameters in both groups were similar 
(Table I), except that wall thickness remained lower 
in the cardiomyopathic hearts. Also, both +dP/dt 
and —dP/dt were significantly less in cardiomyo- 
pathic hearts by 39% and 50%, respectively. 

Actual changes in LV developed stress were plot- 
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Fig. 3. Relation between LV diastolic stress and circum- 
ferential length normalized to the length (Lmax or 100%) 
corresponding to maximal developed stress in each exper- 
iment for normal and myopathic hearts. Stress is calcu- 
lated as millimeters of mercury (mm Hg). 


ted against relative changes in LV strain (Fig. 2). In 
control hearts a rather gradual rise in LV devel- 
oped stress was observed as LV circumference in- 
creased. Cardiomyopathic hearts exhibited a steeper 
rise in LV developed stress. This suggests that the 
force development by these hearts depends on 
stretch more than it does in normal hearts and 
explains the difference in LV systolic pressure seen 
in unstretched hearts (Table I). 

The same comparison was used for the diastolic 
stress-strain relationship (Fig. 3), the slope of which 
characterizes the diastolic stiffness of the heart. 
Though the curves were similar, certain differences 
were noted. First, cardiomyopathic hearts exhibited 
zero diastolic stress at relatively higher LV strain. 
Second, at relatively equal strains corresponding to 
96% to 98% of its optimal value, the diastolic stress 
was significantly lower in cardiomyopathic hearts. 
Third, these hearts were characterized by a signifi- 
cantly steeper slope at diastolic stresses more than 
10 mm Hg. The slope of the average diastolic 
stress-strain relationship at Lmax was 27.6 mm 
Hg/% strain in the myopathic heart compared to 
14.8 in the normal heart (p < 0.02). The increased 
slope of the myopathic stress-strain relation at 
100% length is visually apparent in Fig. 3. 

Effect of alcohol. Addition of 1% ethanol to the 


perfusate decreased LV systolic and developed > 


stress almost three times (Fig. 2). Both inner and 
outer areas showed a tendency to rise, but due to the 


scatter of the initial data these change were not _ 


statistically significant, except for an increment in 
LV midwall radius by 7%. However, in each of seven 
experiments the addition of alcohol induced an 
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Fig. 4. The effects of 1% alcohol on the cardiac stress- 
strain relation of the normal heart. Stress is calculated as 
millimeters of mercury (mm Hg). 


augmentation of LV volume by 43+ 8% 
(p < 0.001). 

Because LV developed stress in alcohol-treated 
hearts was low, it was difficult to determine the 
optimal strain value (Lmax); thus the diastolic 
stress-strain relationship was compared in actual 
terms. The curve was similar to the control curve 
(Fig. 4), though a definite shift to the right was 
observed that corresponded to enlargement of the 
LV cavity. 

NMR spectroscopic measurements of high-energy 
phosphates are shown in Fig. 5. Data in Fig. 5, A 
were obtained with an intraventricular balloon vol- 
ume of zero. Data in Fig. 5, B show the values 
obtained with a balloon volume of 20 ul. At both 
volumes there was an increased level of Pi and a 
reduced level of PCr in the myopathic animals. 
There was no change in ATP levels. 


DISCUSSION 


Syrian hamsters used in this study were 160 to 180 
days of age. That is the stage just preceding the 
overt development of cardiac failure. Previous 
studies of myocardial function at this stage have 
shown a decreased ability to develop pressure,** or 
little change in cardiac pump function.’ In our 
study, maximal developed pressure was not 
changed, which may be explained by the somewhat 
younger age of animals as compared to those in a 
previous study.’ 

Diastolic properties of these hearts, however, were 
significantly changed, as revealed by a decreased 
maximal rate of relaxation (-dP/dt) and increased 
diastolic stiffness. The latter change was evidenced 
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by increased strain at equal stress and by a steeper 
slope of the stress-strain relationship. Therefore the 
myopathic heart operates on a stiffer part of this 
relationship, suggesting an increased dependence on 
filling pressure. In fact, unstressed cardiomyopathic 
hearts developed less pressure than did normal 
control hearts. 

The increased diastolic stiffness is partly due to 
an enlarged cardiac chamber in the cardiomyopathic 
hearts, a finding that is in accordance with those in 
previous studies.* >7 It is well known that in normal 
hearts dilatation is associated with an increased 
stiffness. However, distension of normal hearts to a 
similar degree by acute alcohol infusion did not 
result in an increased stiffness. Several possibilities 
may explain the increased stiffness of the cardio- 
myopathic hearts. The first might be an increase in 
intrinsic stiffness such as hypertrophy and/or colla- 
gen formation. These animals were studied early in 
the course of the myopathy prior to heart failure. 
Certainly there was no increase in LV weight in the 

-myopathic animals. Furthermore, wall thickness was 
decreased, not increased (Table I). However, post- 
necrotic scars were grossly seen on the epicardium. 

The second possibility is that there may have 
been residual actin-myosin interaction. The reason 
why moderate depression of myocardial energy 
stores, particularly PCr content, might be associated 
with increased stiffness or decreased compliance of 
the heart while its developed stress remains within 
the normal range may relate to the interrelationship 
between energy supply and the inhibition of creatine 
influx into myocardial cells. Recent studies have 
shown that a profound fall in PCr content gradually 
developing due to inhibition of creatine influx into 
myocardial cells was not associated with contrac- 
tile failure of isolated rat heart"? until the after- 
load was increased to a submaximal level.? How- 
ever, the diastolic stiffness of these hearts was 
significantly elevated, even with a moderate cardiac 
load, and it increased further with elevation of the 
afterload." Though the contractile process requires 
major ATP synthesis in mitochondria, myocardial 
stiffness could be more susceptible to inadequate 
energy supply. This discrepancy may be explained 
on the basis of the PCr shuttle hypothesis," 
according to which a local ATP pool in myofibrils is 
more dependent on the PCr supply than upon the 
direct ATP supply. A local ATP deficiency in the 
myofibrillar compartment is believed to result in the 
development of contracture, due to the fact that 
some actomyosin bonds remain in an associated 
state. Increased myofibrillar stiffness would then 
represent a mild contracture state of the myocardi- 
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Fig. 5. P-31 NMR spectroscopy data in normal hearts 
(solid bar) and myopathic hearts (cross-hatched bar). A, 
Data obtained with an intraventricular balloon volume at 
zero. B, Data obtained with a balloon volume of 20 ul (see 
text). 


um. In the present study, however, it is unclear 
whether the mild fall in PCr (with no change in 
ATP) is sufficient to explain an increased diastolic 
interaction. 

A more important explanation for this increased 
stiffness relates to the fundamental observation that 


- these hearts were more dilated with a thinner LV 


wall. Slippage of fibers past one another with chron- 
ic stretch could lead eventually to irreversible 
changes. This presumably reflects diastolic volume 
overload secondary to reduction in systolic function. 
As the heart is chronically dilated with a thinner 
wall and without adequate compensatory hypertro- 
phy, the muscle is shifted to a stiffer position of its 
length-tension curve. Post-necrotic scar formation 
could contribute to this increased stiffness. 

The fact that the normal hearts acutely depressed 
with alcohol did not show any significant increase in 
myocardial stiffness may relate to the fact that their 
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baseline volumes are normal, and they have not 
already been chronically stretched to a larger vol- 
ume. The difference between the two groups may 
therefore reflect the chronicity of the process. In 
time, all of the factors discussed above might con- 
tribute to the increased stiffness of the cardiomyo- 
pathic hearts. 

Clinical implications. In patients with the signs and 
symptoms of failure, one must consider the relative 
importance of both systolic and diastolic dysfunc- 
tion. In patients with dilated cardiomyopathy, a 
reduction in systolic function (ejection fraction) is 
probably the major cause of the signs and symptoms 
of heart failure. Chronic LV dilation and/or hyper- 
trophy, however, can also contribute to diastolic 
dysfunction. The present study in an animal model 
of dilated cardiomyopathy demonstrates that 
increased diastolic stiffness of the left ventricle is 
present that may produce some diastolic dysfunc- 
tion. This change in diastolic properties of the left 
ventricle was not seen with acute cardiac depression 
with alcohol, and appears to represent an intrinsic 
change in the myopathic heart. The potential clini- 
cal importance of diastolic changes in human dilated 
cardiomyopathy may deserve further investigation. 
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Evaluation of a new inotropic agent, OPC-8212, 


in patients with dilated PAROMYOpSy and- 


heart failure 


OPC-8212 is a new positive inotrope with a unique mechanism of action. To assess its clinical 
utility we administered 60 mg/day for 30 days to 10 patients with overt congestive heart failure, 
who had substantial limitations in exercise performance despite treatment with conventional 
therapy. Patients were evaluated by simultaneous respiratory gas exchange and radionuclide 
ventriculography measurements during graded. maximal exercise testing. Improvement was 
demonstrated in both peak oxygen uptake and radionuclide-determined cardiac index after 30 
days of treatment with OPC-82 12. These changes were not associated with alterations in heart 
rate at rest or during peak exercise. Furthermore OPC-8212 significantly decreased ventricular 
ectopy in our patients. However, two patients had possible hematologic toxicity with prolonged 
use. The results of the present phase ll study suggest that a larger randomized double-blind 
placebo study to evaluate the safety and clinical efficacy of this drug is warranted. (Am Heart J 


1988; 116:771,) 


Arthur M. Feldman, MD, PhD, Lewis C. Becker, MD, 
Michaelene P. Llewellyn, RN, MAS, and Kenneth L. PEE MD. 


Baltimore, Md. 


The recently synthesized agent 3,4-dihydro-6-[4- 
(3,4-dimethoxybenzoyl)-1-piperaznyl]-2(1H)-qui- 


nolinone (OPC-8212) (Fig. 1) has demonstrated a 


potent inotropic effect in a variety of in vitro and in 
vivo preparations without a concomitant increase in 
heart rate.’* The lack of an increase in heart rate 


and the presence of bradycardia in several species is’ 


consistent-with a unique and complex mechanism of 
action. Results of recent studies suggest that OPC- 
8212 produces an inotropic effect without altering 
héart rate by three actions: (1) an increase in 
intracellular Na*, (2) an increase in the Ca*t* chan- 
nel open frequency; and (3) prolongation of the 
action potential by inhibition of an outward Kt. 
channel.** Additionally the inotropic effect of OPC- 
8212 appears to be accompanied by an increase in 
intracellular cyclic adenosine monophosphate, an 
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Fig. 1. Chemical structure of OPC-8212. 


effect that is probably caused by inhibition of a 
specific isoform of phosphodiesterase.*’ 

Acute administration of a single dose of OPC-8212 
(6 mg/kg) has resulted in improvement in hemody- 
namic indices in 10 Japanese patients with dilated 


cardiomyopathy.” Inasmuch as OPC-8212 has not 


been evaluated in a non-Oriental population, the 
present early phase II study was performed to assess 
the long-term safety and clinical benefits of this new 
inotrope. We administered OPC-8212 (60 mg/day) 
orally for 30 days to 10 patients with overt conges- 


tive heart failure, who had substantial limitations in 


exercise performance despite treatment with digital- 
is and diuretics. The clinical effects of OPC-8212 
were assessed by measuring changes in left ventricu- 
lar performance and respiratory gas exchange dur- 
ing graded maximal exercise testing. 
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Table i. Clinical characteristics and plasma OPC-8212 levels for the study population 








Other medications 


Digoxin, furosemide, captopril | 

Digoxin, furosemide, triamterine, captopril 
Furosemide, spironolactone 

Digoxin, ethacrynic acid, quinidine, isosorbide dinitrate 
Digoxin, bumetanide, triamterine, mexiletine 

Digoxin, hydrochlorothiazide, cimetidine 

Digoxin, furosemide, quinidine - 

Lasix, captopril 

Digoxin, furosemide, tocainide 


Patient Plasma level 
No. Sex  Age(yr) Cause NYHA OPC-8212 (pg/mi) 
1 M 49 IHD HI 7.8 
2 M 55 IHD IV 10.1 
3 M 58 THD HI 7.4 
4 M 54 IDC m 6.2 
5 M 80 IHD HI 7.0 
6 F 51 IDC i 9.7 
7 M 42 IDC II 6.0 
8 M 55 THC II 6.3 
9 M 52 IDC I 5.9 
10 M 63 IDC 0 4.9 


Ethacrynic acid, captopril, mexiletine 





IHD = Ischemic heart disease; IDC 
classification for heart failure. 


METHODS 


Patient population. Nine men and one woman with 
chronic congestive heart failure (New York Heart Associ- 
ation functional class IJ, III, or IV) were enrolled in the 
study (Table I). Patients ranged in age from 42 to 63 years. 
All subjects were symptomatic despite conventional ther- 
apy. Eight of the 10 patients received digoxin and a 
diuretic, and the remaining two did not receive digoxin. 
Three patients were receiving an angiotensin-converting 
enzyme inhibitor. The cause of heart failure was ischemic 
heart disease in five patients and idiopathic dilated 
cardiomyopathy in five. Coronary artery disease was 
diagnosed by a history of a documented acute myocardial 
infarction or by results. of coronary arteriography. Myo- 
carditis was excluded by results of an endomyocardial 
biopsy in those patients without coronary disease. None of 
the patients had a myocardial infarction within 3 months 
of enrollment in the study or significant noncardiac 
disease, and exercise tolerance was limited by dyspnea or 
fatigue in all patients. 

Study protocol. Patients meeting the eritry criteria 
were enrolled in the study after giving written informed 
consent to a protocol approved by the Joint Committee on 
Clinical Investigation of the Johns Hopkins Hospital. 
Baseline evaluation included: (1) routine clinical and 
laboratory assessment, (2) 12-lead ECG, (8) 24-hour 
ambulatory ECG, and (4) incremental upright bicycle 
exercise radionuclide angiography with simultaneous 
monitoring of breath-by-breath respiratory gas exchange. 
If patients were able to exercise for at least 3 minutes, they 
were entered into a 2-week stabilization period. At the end 
of the 2-week period, baseline evaluations were repeated 
and patients were considered clinically stable if: (1) there 
was no change in medication, (2) weight did not vary by 
more than 1.5 kg, and (8) duration of exercise did not 
change by more than 1 minute. Patients who met these 
stabilization criteria were begun on a single daily dose of 
OPC-8212 (60 mg). They were seen weekly at which time a 
history, physical examination, chemical and hematologic 
profiles, determination of serum OPC-8212 level, and 
24-hour ambulatory ECG were repeated. After 30 days of 


= idiopathic dilated cardiomyopathy; OPC-8212 = levels are reported for day 30; NYHA = New York Heart Association 


treatment baseline evaluations were repeated including 
upright bicycle exercise radionuclide angiography with 
respiratory gas exchange analysis. If subjective or objec- 
tive clinical improvement had occurred, treatment with 
OPC-8212 was continued. 4 

Radionuclide angiography. Radionuclide angiography 
was performed by means of techniques previously 
described in detail.” Briefly gated cardiac blood pool 
scans were obtained in an approximate 40-degree left 
anterior oblique projection with the patient in the upright 
position. Red blood célls were labeled by the modified in 
vivo technique with technetium-99m pertechnetate (12 
mCi/m? body surface area). Images were acquired with a 
medium-sensitivity, parallel-hole collimator attached to a 
standard Anger camera (Technicare.Corp., Solon, Ohio) 
interfaced with a commercial nuclear medicine computer 
system (Medical Data Systems, Ann Arbor, Mich.). After 
a 38-minute equilibration period, patients underwent con- 
tinuous graded upright bicycle exercise starting at mini- 
mal resistance (10 W) and then increasing by 50 W for 
each successive 3-minute period. Images were acquired 
during the last 2.5 minutes of each exercise period. 
Brachial artery cuff pressure was measured at the mid- 
point of each exericse period, and an ECG was recorded 
each minute. Results acquired during the equilibration 
period and at peak exercise were used for analysis. 

Left ventricular volumes were determined by a count- 
based method previously developed in our laboratory." 
End-diastolic count rate was obtained from a large manu- 
ally drawn region of interest. Left ventricular end-diastol- 
ic volume was calculated by means of the ratio of the 
attenuation-corrected end-diastolic count rate from the 
gated study to the count rate per milliliter from a sample 
of venous blood drawn at the completion of the study. Left 
ventricular end-systolic volume was calculated from the 
end-diastolic volume and the ejection fraction. Cardiac 
output was calculated from the difference between the 
end-diastolic and end-systolic volumes and the heart rate. 
These count-based methods have been validated under 
both resting and exercise conditions.*"! The left ventricu- 
lar time-activity curve for determination of ejection frac- 
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Table Il. Resting noninvasive measurement of left ventric- 
ular function before and after 30 days of treatment with 
OPC- 8212 





Day 1 Day 30 P 
Ejection fraction (%) 18.2 + 2.1 20.2 + 3.0 NS 
End-diastolic volume 280.2 + 32 286.0 + 37 NS 
(cm?) 
Stroke volume index 25.1 + 3.2 28.9 + 5.5 NS 
(ml/beat/m?) 
Cardiac index 2.3 + 0.3 2.6 + 0.3 NS 
(L/min/m?) l 
Heart rate 92.8 + 4.8 94.4 + 6.1 NS 
(beats/min) 





tion was generated by means of software supplied by 
Medical Data Systems, which contained semiautomatic 
edge-detection and computer-determined background 
algorithms. Radionuclide angiography was not reported 
for one patient because of technical limitations. 
Respiratory gas exchange. Gas exchange data were 
collected continuously by means of an automated breath- 
by-breath system (Medical Graphics Corporation System 
2001, Minneapolis, Minn.). Expired flow, carbon dioxide, 
and oxygen were measured by means of rapidly respond- 
ing discrete analyzers: a pneumotach and variable-reduc- 
tance pressure transducer for flow, dual- beam infrared 
absorption for carbon dioxide, and a permanent zirconia- 
based electrochemical cell for oxygen. The instrument was 
calibrated before each exercise test by means of standard 
syringe volumes and precision reference gases. Data were 
analyzed with a wave form analyzer, which performed 
continuous integration and cross-production analysis on 
phase aligned signals from the respective analyzers. The 
peak oxygen uptake was identified by visual inspection of 
the oxygen uptake curve and calculated at a cursor- 
identified point by means of computer assistance. The 
computer defined the anaerobic threshold by means of the 
V slope method previously documented by Beaver et al.” 
Patients were exercised to exhaustion as evidenced by the 
fact that respiratory compensation was demonstrated in 
all tests. Furthermore the respiratory coefficient was 
always greater than 1.0 during peak exercise, and all 
patients were limited in their exercise tolerance by dys- 
pnea. ; 
Statistical analysis. Comparisons were made between 
measurements of variables before administration of the 
drug (day 1) and after 30 days of treatment by means of 
the Wilcoxon signed rank test. The incidence of ventric- 
ular arrhythmias was analyzed by fitting linear regressions 
to each patient’s data individually and comparing the 
estimated slopes by the Wilcoxon signed rank test.“ 
Changes in the rates of single ventricular premature beats 
were measured as described by Morganroth et al. The 
patient’s appraisal of the investigational therapy was 
obtained from a questionnaire that allowed categoric 
responses to questions regarding the patients present 
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Fig. 2. Relationship between peak oxygen uptake and 
cardiac index at maximal exercise before (O) and after 30 
days of treatment (@) with OPC-8212 (60 mg/day) in nine 
patients. 


health, changes in health, and tolerance of the study drug. 
There were three possible responses to each question and 
the probability of the observed proportions was calculated 
by means of multinomial distribution.” The expectations 
were obtained from the Multicenter Captopril Study” and 
were. based on actual proportions of responses in the 
placebo group. 


RESULTS 


After 30 days cf treatment with OPC-8212, there 
were no changes in resting cardiac index, end- 
diastolic volume, stroke volume index, or ejection 
fraction (Table II). However, ventricular function 
was modestly but significantly (p < 0.05) altered 
during exercise (Table III) as cardiac index and 
stroke volume index increased during maximal exer- 
cise. Additionally stoke volume increased (p < 0.04) 
from 45.0 + 9.7 cm? to 59.4 + 7.7 cm?. In contrast 
there was no significant alteration in left ventricular 
end-diastolic volume or ejection fraction. Further- 
more there was no difference in left ventricular 
end-systolic volume before (231.9 + 29.0 cm’) and 
after (282.2 + 35.6 cm?) 30 days of treatment with 
OPC-8212. Changes were also not accompanied by 
alterations in heart rate or in peak systolic or 
diastolic systemic blood pressure. There was a 
trend toward an increase in total exercise time 
(p = 0.06). 

Peak oxygen uptake increased significantly 
(p < 0.04) after 30 days of treatment with OPC- 
8212. Five patients showed substantial improvement 
of more than 2.0 ml/kg/min, two patients had mod- 
est changes, and two patients had no change. Mea- 
surement of peak oxygen uptake. was reproducible, 
since there was no significant difference between 
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Table Ill. Measurements of left ventricular performance and functional capacity during exercise in patients with 
heart failure before and after 30 days of treatment with OPC-8212 











Heart Systolic 
rate at blood 
Peak peak pressure 
Exercise Exercise Exercise Exercise oxygen Anaerobic Exercise exercise at peak 
Patient EF EDV SVI CI uptake threshold time (beats/ exercise 
No. Day (%) (em) (ml/min/m) (L/min/m?) (ml/kg/min) (ml/kg/min) (min) min) (mm Hg) 
1 (day 1) 19.0 315 30.03 4.59 10.80 74 10.60 149 148 
(day 30) 18.0 328 29.39 4,44 13.80 10.0 10.30 147 171 
2 (day 1) 33.0 211 45.04 “4.95 10.20 927 110 124 
(day 30) 35.0 280 62.55 6.94 12.54 10.3 9.97 101 131 
3 (day 1) 12.0 258 16.23 2.26 12.17 10.0 10.90 153 169 
(day 30) 18.0 340 31.48 5.01 14.69 11.0 11.50 164 135 
4 (day 1) 12.0 260 14.05 1.78 9.19 7.6 9.80 135 167 
(day 30) 22.0 217 21.70 - 2.60 9.91 7.9 10.90 136 171 
5 (day 1) 8.9 392 16.35 1.97 10.39 7.2 8.70 121 141 
(day 30) 8.9 431 18.46 2.38 12.08 9.4 9.30 128 154 
6 (day 1) 20.0 316 33.59 4.63 13.79 9.2 10.90 145 159 
(day 30) 18.0 391 37.30 5.22 12.87 10.4 10.70 143 151 
7 (day 1) 22.0 547 53.27 6.98 13.49 12.8 12.20 186 144 
(day 30) 
8 (day 1) 20.0 150 17.26 2.43 13.74 9.3 9.30 161 179 
(day 30) 27.0 103 16.01 247 13.54 9.2 10.00 169 165 
9 (day 1) 20.21 12.2 14.60 176 151 
(day 30) 20.79 11.0 15.10 175 164 
10 (day 1) 19.0 250 24.07 3.30 13.72 8.3 11.80 141 163 
(day 30) 25.0 287 36.71 5.10 15.60 9.8 11.70 148 174 
Mean (day 1) 17.99 269.00 24.60 3.24 12.69 8.90 10.65 143.44 155.67 
(day 30) 21.49 297.13 31.70 4.27 13.98 9.84 11.05 145.11 157.33 
SEM (day 1) 2.64 25.89 3.85 0.48 1.10 0.59 .59 6.66 5.55 
(day 30) 2.74 36.36 5.24 0.58 1.01 0.36 57 7.60 5.27 
Wilcoxon signed 0.09 0.23 0.04 0.03 0.04 0.08 0.06 0.59 0.72 


rank p value 











EF = ejection fraction; EDV = end-diastolic volume; SVI = stroke volume index; CI = cardiac index. 


peak oxygen uptake measured at the beginning of 
the 2-week stabilization period (12.4 + 1.0 ml/kg/ 
min) and at the beginning of the study (12.7 + 0.9). 
Although there was a trend toward a modest 
increase in anaerobic threshold, the change was not 
statistically significant. However, a close correlation 
was seen between peak oxygen uptake and anaerobic 
threshold in that those patients with substantial 
increases in peak oxygen uptake had comparable 
changes in anaerobic threshold. In contrast those 
patients with only modest increases in peak oxygen 
uptake had smaller changes in anaerobic threshold. 
As seen in Fig. 2, the relationship between cardiac 
index and peak oxygen uptake was substantially 
- changed by treatment with OPC-8212. 
` As seen in Table I, four patients were treated with 
mexiletine, one with tocainide, and two with quini- 
. dine. Concomitant treatment with OPC-8212 dimin- 
ished high-grade ventricular ectopy as there were 
significant (p < 0.02) decreases in the linear trend 


for ventricular beats per hour and in the number of 
ventricular tachycardia events per hour during the 
treatment period. Other variables also showed a 
negative mean slope: single premature contractions/ 
hour, paired ventricular ectopic beats, and total 
premature ventricular contractions/24 hours. 
However, these changes were not statistically signif- 
icant. Although one patient (No. 7) died suddenly 
after 29 days of treatment, there was no ECG or 
clinical evidence of increased myocardial ischemia 
either at rest or during the exercise protocol in 
any of the patients. Furthermore none of the pa- 
tients had subjective evidence of toxic side effects 
such as headaches or gastrointestinal symptoms. 
Body weight remained stable in all patients, 
and no adjustments were made in dosages of diuret- 
ics or other cardiac medications during the study 
period. 

- At the conclusion of the 30-day trial, eight of the 
nine patients had subjective improvement in their 
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symptoms of congestive heart failure and elected to 
continue treatment with OPC-8212. This response 
was greater (p < 0.01) than would be expected in a 


placebo population. In three of these patients, OPC- 


8212 was discontinued during the follow-up period. 
Patient No. 4 was withdrawn after 73 days of 
therapy because of worsening congestive heart fail- 
ure requiring hospitalization and alterations in his 
medical regimen. Patients Nos. 2 and 6 were with- 
drawn after 83 and 91 days, respectively, because of 
the onset of agranulocytosis. Both patients required 
hospitalization and antibiotic therapy for local 
infections; however, the neutropenia resolved in 5 
days in patient No. 2 and in 12 days in patient No. 6. 
Other potential causative agents included captopril 
in patient No. 2 and cimetidine and captopril in 
patient No. 6, and these drugs were also discontin- 
ued. For ethical reasons neither patient was rechal- 
lenged with either OPC-8212 or the other agents. 
The five patients who continued to receive OPC- 
8212 underwent a repeat maximal exercise stress 
test with analysis of respiratory gas exchange after 
90 days of treatment. All of the patients either 


maintained or improved their aerobic capacity as — 


measured by mean peak oxygen uptake, and there 
was no deterioration between day 30 and day 90. 
Peak oxygen uptake was 15.4 + 1.4 ml/kg/min in 
the five patients on day 30 and 15.6 + 1.9 on day 90 
(p = 0.8). The peak oxygen uptake on day 30 in 
these five patients was significantly (p < 0.05) high- 
er than that on day 1 (13.5 + 1.7 ml/mg/min). 
Similarly the anaerobic threshold was not signifi- 
cantly different in a comparison of day 30 (10.2 + 
0.3) and day 90 (10.9 + 0.8; p = 0.6). Additionally in 
these five patients the anaerobic threshold was 
lower on day 1 (9.0 + 0.9 ml/kg/min; p = 0.1) com- 
pared to day 30. 


DISCUSSION 


Patients treated with 60 mg/day of OPC-8212 for 
30 days had hemodynamic and functional improve- 
ment as determined by radionuclide angiography 
and measurements of respiratory gas exchange dur- 
ing peak exercise. In contrast OPC-8212 had no 
effect on resting left ventricular performance. How- 
ever, measurements obtained during exercise are 
better predictors of functional capacity in patients 
with congestive heart failure and often do not 
correlate with hemodynamic characterization per- 
formed at rest.'*"8 Eight of the nine patients who 
completed 30 days of treatment with OPC-8212 
elected to continue the drug long term. These 
patients showed significant improvement in cardiac 
index, stroke index, and stroke volume during peak 
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exercise. These changes do not appear to be related 
to alterations in cardiac loading, since the left 
ventricular end-diastolic volume and the systemic 
blood pressure during peak exercise did not change. 
Inasmuch as there was significant improvement in 
the peak exercise cardiac index and stroke index, 
without a change in left ventricular end-diastolic 
volume, it may be surprising that end-systolic vol- 
ume did not decrease significantly. This apparent 
discrepancy is probably related to certain technical 
aspects of scintigraphic volume measurements, spe- 
cifically errors involved in individual measurments 
of left ventricular end-diastolic volume.” It should 
be pointed out that it is difficult to exclude the 
possibility that an increase in regurgitant flow 
through a dilated mitral valve orifice, alterations in 
ventricular diastolic performance, or familiarity 
with the exercise protocol contributed to the 
observed changes. 

To support the noninvasive hemodynamic mea- 
surements, we also simultaneously evaluated 
changes in functional capacity of patients receiving 
OPC-8212 by measuring peak oxygen uptake and 
anaerobic threshold. The peak oxygen uptake 
increased significantly (p < 0.05) after treatment 
with OPC-8212. This increase was more than 2.0 
ml/kg/min in five of the nine patients. Furthermore 
this increase in peak oxygen uptake was sustained 
for 8 months in five patients who continued to 
receive long-term treatment. These changes are 
comparable to those seen in similar early phase II 
trials of the phosphodiesterase inhibitors milrinone 
and enoximone.”” In contrast to the peak oxygen 
uptake the anaerobic threshold did not change 
significantly after treatment with OPC-8212. To 
avoid investigator bias we used a computer-based 
program that used the V slope method described by 
Beaver et al.” to calculate anaerobic threshold. The 
computer was able to generate an anaerobic thresh- 
old in 85% of the exercise tests. However, despite 
computer-assisted calculations there was consider- 
ably more variation in the anaerobic threshold than 
in the peak oxygen uptake, and this may account for 
the failure to attain statistical significance in the 
former in our study of a small patient population. 

Although some inotropes have been shown to 
intensify experimentally produced myocardial is- 
chemia, presumably by increasing myocardial oxy- 
gen demands,” none of the five patients with is- 
chemic heart disease who received OPC-8212 had an 
exacerbation of angine or ECG changes consistent 
with ischemia during exercise. Similarly ECG 
changes were not seen in the patients with idiopath- 
ic cardiomyopathy. It is of interest that results of 
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experimental studies with isolated perfused dog 
hearts showed that the increased inotropy after 
administration of OPC-8212 was accompanied by 
decreased ECG ST deviations and myocardial 


carbon dioxide tension, and increased coronary 


blood flow in ischemic regions after coronary 
stenosis.” 

Baseline ventricular ectopic activity was present 
in all of our patients, and most patients required 


long-term oral antiarrhythmic therapy. Although we . 


cannot discount an arrhythmia-promoting effect of 
OPC-8212 as possibly contributing to the sudden 
death in one patient, we observed no aggravation of 
ventricular ectopy in our 10 patients. In fact OPC- 
8212 significantly decreased ventricular ectopy in 
our patient population. Although the mortality rate 
in the present study is lower than that previously 
reported in patients with severe congestive heart 
failure,” our study represents a small patient popu- 
lation, and it is difficult to make comparisons 
between different study populations. 

In summary our study supports the findings of a 
previous report? that showed encouraging results of 
acute administration of OPC-8212 to patients with 
congestive heart failure. After 1 month of treatment 
with OPC-8212 patients had improved hemodynam- 
ics, as measured noninvasively, and improved func- 
tional capacity. These alterations were not associ- 
ated with changes in heart rate or blood pressure or 
with unexpected death, and the incidence of ventric- 
ular arrhythmias appeared to decrease. However, 
the results of the present study must be tempered by 
the fact that OPC-8212 was discontinued in two 
patients and possibly resulted in hematologic toxici- 
ty in two others. Furthermore the biases inherent in 
a small phase II clinical trial that did not use a 
placebo group make interpretation of the data diffi- 
cult. Therefore definitive assessment of the safety 
and efficacy of this new inotrope must await the 
results of double-blind randomized placebo trials in 
a large patient population. 
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Left ventricular hypertrophy among dark- and 
light-skinned Puerto Rican men: The Puerto Rico 


Heart. Health Program 


Racial groups were assessed by determinations of skin color in 3366 urban men in the Puerto 
Rico Heart Health Program, an epidemiologic study of coronary heart disease in Puerto Rico. 
These men participated in a comprehensive cardiovascular examination that included assessment 
of blood pressure, relative weight, physical activity, cigarette smoking, left ventricular 
hypertrophy (LVH) as determined by ECG, and measurements of skinfold thickness. They were 
followed for mortality over the next 6 years. Dark-skinned Puerto Rican men had a higher 
prevalence of both definite and possible LVH-ECG after stratifying by levels of hypertension, 
relative weight, physical activity, number of cigarettes smoked, and subscapular skinfold 
thickness. After multivariate adjustment of these factors, the dark-skinned men had 
approximately twice the prevalence of both definite and possible LVH-ECG as the lighter skinned 
men. Definite LVH-ECG carries a high mortality risk over the next 6 years as compared to men 
without definite LVH (fivefold increased risk in lighter skinned and sevenfold increased risk in 
darker skinned Puerto Rican men). (Am Heart J 1988;116:777.) 


Paul D. Sorlie, PhD, Mario R. Garcia-Palmieri, MD, and Raúl Costas, Jr., MD. 


Bethesda, Md., and San Juan, Puerto Rico 


ECG abnormalities in general and left ventricular 
hypertrophy (LVH) in particular have been consis- 
tently associated with adverse cardiovascular out- 
comes and increased mortality in white popula- 
tions.’* The increased risk associated with LVH has 
been shown to be independent of associated hyper- 
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tension.’ The determinants and impact of LVH in 
black populations are less clear. Several studies have 
shown a higher prevalence of LVH-ECG in black 
populations after controlling for concomitant vari- 
ables,** although prognostic implications of LVH- 
ECG in black populations have not been consistent- 
ly established. 

Confounding the comparisons of ECG evidence of 
LVH between black and white populations is the 
role that normal anatomic variation plays in the 
appearance of ECG characteristics. This is particu- 
larly true for the classification of possible LVH, 
which depends on voltage criteria alone. Body habi- 
tus is a significant physiologic variable affecting the 
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Table |. Age-adjusted* prevalence of definite and possible LVH by hypertension, levels of SBP and skin color: 
PRHHP, urban men, aged 50 to 69 years at examination 3, without CHD at examination 




















No. with % With possible LVH at % With definite LVH at 
characteristic exam 3 exam 3 
Characteristic Light skin Dark skin Light skin Dark skin Light skin Dark skin 
Hypertension at exam 3 
Normal 1434 232 9.9 18.5 0.6 2.7 
Borderline 920 ` 166 14.7 31.4 2.1 3.0 
Definite 497 116 311 44.9 8.1 11.3 
Total 2851 514 15.3 28.9 2.5 4.7 
SBP at exam 3 
85-1197 601 91 8.6 16.6 0.3 2.3 
120-139t 1076 186 10.5 20.2 0.7 3.6 
140-159t 720 . 132 15.8 32.7 32 2.3 
160-179f 279 64 30.1 51.6 2.9 4.7 
180-2407 475 41 40.0 45.9 16.2 21.4 
Total 2851 514 15.3 28.9 . 2.5 4.7 
SBP at exam 3, 
excluding those receiving antihypertensives 
85-119 593 l 90 8.7 15.4 0.3 2.4 
120-139 1025 175 10.4 20.9 0.7 0.9 
140-159 611 117 15.6 34.4 1.7 1.7 
160-179 187 47 32.1 48.8 21 1.9 
180-240 96 17 36.7 44.3 10.6 12.2 
Total 2512 446 14.0 27.7 1.4 2.0 





* Age adjustment: equal weights to age groups 50 to 59 and 60 to 69 years. 
tMean values for SBP (mm Hg) within five categories of SBP from lowest to highest are: Light skin—107, 126, 145, 164, and 192; dark skin—108, 126, 145, 


165, and 193. 
SPB = Systolic blood pressure. 


QRS voltage. False positive diagnoses tend to occur 
in very lean individuals.’°* 

The Puerto Rico Heart Health Program 
(PRHHP) has studied a sample of 9824 Puerto 
Rican men, aged 35 to 79 years at the time of the 
initial examination, living in rural and urban areas 
of the island. These men underwent four clinical 
examinations and were followed for mortality and 
cause of death for 12 years. Racial groupings were 
assessed by determinations of skin color at the third 
examination. A 12-lead ECG was obtained, and 
various physiologic and lifestyle characteristics were 
assessed. This prospective epidemiologic study pro- 
vides the data to compare the frequency and prog- 
nosis of LVH in dark- and light-skinned men. 


METHODS 


Representative samples of urban and rural Puerto 
Rican men were identified and given their first clinical 
cardiovascular examination between 1965 and 1968. The 
9824 men who comprise the PRHHP were drawn from the 
rural municipalities of Naranjito, Comerio, Barranquitas, 


and Corozal, and from the urban municipalities of Baya- . 


mon, Guaynabo, and Carolina. The response rate to the 
initial examination was 80%. During the course of this 


prospective epidemiologic study, these men were exam- 
ined three more times (1968 to 1971, 1971 to 1975, and 
1974 to 1977), were followed for determination of coronary 
heart disease morbidity through the fourth examination, 
and were followed for mortality for 12 years from the time 
of entry into the study." 

At the third examination a measurement was taken to 
approximate the racial groupings of the participants.» 
Skin color was assessed in each participant by matching 
photographs of a set of color tiles to the skin color on the 
inner arm at the level of the axilla. These tiles, Von 
Luschan color tiles, have been used by anthropologists 
and were used in older Puerto Rican studies to determine 
skin color. Only such racial approximations are feasible in 
epidemiologic studies in Puerto Ricans. There was consid- 
erable intermarriage between European immigrants and 
African slaves and among their offspring, resulting in 
widespread racial admixture. The participants were clas- 
sified as dark skinned, or black, for color tiles numbered 
28 to 30. Otherwise they were classified as light skinned, or 
white. The distribution of participants separated clearly 
into these two groups. Because African slaves were pri- 
marily concentrated in the sugar cane areas of the costal 
plane, there were few dark-skinned men in the hilly 
interior rural area. Thus all analyses in this report were 
performed on the urban participants. 

Twelve-lead ECGs were obtained with participants in 
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Table Il. Age-adjusted* prevalence of definite and possible LVH by specific characteristics and skin color: PRHEP, 
urban men, aged 50 to 69 years at examination 3, without CHD at examination 























No. with % With possible % With definite 
characteristic LVH at exam 3 LVH at exam 3 
Characteristic Light skin Dark skin Light skin Dark skin Light skin Dark skin 
Relative weight at exam 3 
-99 405 100 21.0 34.1 1.0 1.0 
100-119. 1124 176 17.5 29.8 1.7 6.9 
120-139 1013 180 11.7 28.3 3.5 3.9 
140+ _309 _58 11.6 18.6 4.6 7.0 
Total 2851 514 15.3 28.9 2.5 4.7 
Subseapular skinfold thickness (mm) at exam 2 
-14 471 142 18.9 32.8 15 2.1 
15-24 1020 166 15.2 31.8 2.4 4.3 
25-34 819 145 14.4 25.3 2.9 6.6 
35+ 495 52 13.3 14.6 3.6 1.2 
Total 2805 505 15.2 28.8 2.5 48 
Physical activity index at exam:3 
-29 1718 284 14.9 28.5 2.9 V1 
30-35 606 105 17.0 23.8 1.9 4.0 
36+ -306 84 14.4 36.1 15 9.0 
Total 2630 473 15.3 28.9 2.6 5.2 
Cigarettes smoked at exam 2 
None 1774 307 16.0 27.2 2.7 5.9 
Less than 1 pack/day 456 96 14.8 32.5 2.5 2.3 
1 pack or more/day _527 _94 12.0 31.3 L7 3.1 
Total 2757 497 15.1 29.1 2.5 4.7 








*Age adjustment: equal weights to age groups 50 to 59 and 60 to 69 years. 


the supine position. LVH-ECG was determined according 
to the following criteria: (1) QRS voltage; (2) delayed 
intrinsicoid deflection in the absence of block; (3) flat, 
diphasic, or inverted T waves with ST depression in lead 
aV, or aV; and (4) ST depression, low or inverted T waves 
in lead V; or V,, or both. A possible diagnosis was made on 
the basis of criterion (1), with only one case made from 
criterion (2). Definite LVH-ECG was determined when 
criterion (1) and either criterion (8) or (4) were present 
(see Appendix for exact criteria). All ECGs were read by 
cardiologists trained to use the study criteria. Periodic 
double-blind readings on a subsample were conducted to 
test the comparability of the interpretation and adherence 
to the criteria.” 

‘At each examination a variety of physiologic and per- 
sonal characteristics were assessed. Blood pressure mea- 
surements were taken twice on the left arm by the 
examining physician with the participant in the sitting 
position. The first reading was taken at the beginning of 
the physical examination and the second reading at the 
end, allowing an interval of 15 to 20 minutes between 
readings. An aneroid sphygmomanometer was used and 
was standardized against a mercury apparatus. The first 
reading was used for analysis of blood pressure, per se. 
The classification of hypertension was based on both 
readings and was considered definite if both readings were 
greater than 160 mm Hg systolic, 95mm Hg diastolic, or 
` both. Participants were classified as normotensive if both 





readings were less than 140/90 mm Hg. All other combina- 
tions were considered borderline. Relative weight was 
calculated as the ratio (as a percentage) of the observed 
weight to an ideal weight for height from 1959 Metropoli- 
tan Life Insurance tables. The physical activity index is a 
weighted sum of hours spent during a typical day at five 
levels of physical activity.” Subscapular skinfold thick- 
ness was measured with Lange calipers with the partici- 
pant standing. The second of two reproducible readings 
was used. Current cigarette smoking habits were deter- 
mined, and participants were classified as nonsmokers 
(including former smokers), current smokers of less than a 
pack per day, or current smokers of a pack or more per 
day. All measurements of characteristics were taken dur- 
ing the third examination, except for skinfold thickness 
and cigarette smoking. These were unavailable at the 
third examination and thus were taken from the second, 
examination approximately 3 years earlier. 
Determination of the existence of coronary heart dis- 
ease (CHD) at the beginning of the study and the occur- 
rence of new events through the fourth examination was 
done according to established criteria.” For this-analysis 
all participants with definite prevalent CHD at the third 
examination were excluded from analysis. Prevalent CHD 
is defined as angina pectoris, coronary insufficiency, or 
myocardial infarction. All participants were followed for 
the occurrence of death 12 years from the time of the first 
examination, or 6% ‘years from the third examination. 
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Table Ill. Age-adjusted mortality rates in 6% years after assessment of definite and possible LVH at examination 3: 
Urban men, aged 50 to 69 years at examination 3, without CHD at examination 





Total population 





Age-adjusted mortality rates per 100 








without CHD at exam 3 All causes Cardiovascular causes 
LVH at - - 
exam 3 Light skin Dark skin Light skin Dark skin Light skin Dark skin 
None 2350 344 7.84 8.55 . 289 3.36 
Possible 433 146 12.24 13.37 6.26 5.35 
Definite _69 24 34.25 45.84 28.21 33.33 
: Total 2852 514 9.21 11.97 4.07 5.42 





Only nine of the original 9824 men were lost to mortality 
follow-up during the 12-year period. A detailed investiga- 
tion of all deaths was done, and each death was assigned 
an underlying cause. 


RESULTS 


At the third examination (approximately 1971 to 
1975), 2852 urban men were determined to be of 
light skin color (white) and 514 urban men were 
determined to be of dark skin color (black). This 
number represents those in the study who were 
urban, underwent the third examination and had a 
skin color determination, who were free of any 
prevalent CHD, and who were in the age range 50 to 
69 years at the third examination. A slightly higher 
percentage of dark-skinned men were definitely 
hypertensive-compared to light-skinned men (23% 
vs 18%), although equal percentages were classified 
as borderline (83% in both racial groups). Dark- 
skinned men more frequently had definite LVH 
than light-skinned men (4.7% vs 2. 5%) (Table I). 
Possible LVH was’ nearly twice as frequent in dark- 
as in light-skinned men (28.9% vs 15.3%). 

Inasmuch as LVH is directly related to hyperten- 
sion, Table I shows the age- -adjusted prevalence of 
possible and definite LVH in the three categories of 
hypertension. Dark-skinned men show a greater 
prevalence of both definite and possible LVH than 
light-skinned men in all categories of hypertension. 
Of particular note is that even among normotensive 
subjects, dark-skinned men had a greater prevalence 
of LVH. Similar relationships are seen when partic- 
ipants are categorized on the basis of systolic blood 
pressure alone (Table I). Within the five categories 
of systolic blood pressure, the mean values for 
systolic blood pressure are the same for those with 
light or dark skin, and the dark-skinned group has a 
higher prevalence of possible and definite LVH than 
the light-skinned g group. When participants who are 
receiving antihypertensive medications are excluded 
from analysis (Table I), the number of cases. of 





definite LVH is reduced by approximately one half, 
although the dark- skinned group still shows a higher 
prevalence of LVH. 

LVH varies by levels of relative weight and sub- 
scapular skinfold thickness (Table ID). In both dark- 
and light-skinned men the prevalence of possible 
LVH decreases with increasing relative weight, and 
skinfold thickness. In contrast the prevalence of 
definite LVH increases with increasing relative 
weight and skinfold thickness. However, at all levels 
of relative weight and skinfold thickness dark- 
skinned men have a higher prevalence of both 
possible and definite LVH than light-skinned men.. 

There is no clear pattern of a relationship between 
the prevalence of LVH and habitual levels of physi- 
cal activity, although there is a suggestion of a lower 
prevalence of definite LVH at high levels of physical 
activity. Except for the category of definite LVH in 
the more active participants, dark-skinned men had 
a greater prevalence of both definite and possible 
LVH than light-skinned men. The elevated preva- 
lence among dark-skinned men is also seen when 
controlling for cigarette smoking. 

-A logistic model was run to assess the skin color 
and LVH relationship after adjustments for age, 
systolic blood pressure, relative weight, cigarette 
smoking, and physical activity. According to this 
model, those with dark skin had 1.9 times as much 
definite LVH and 2.1 times as much questionable 
LVH after adjustment for the variables in the, 
model. — , 

Mortality was assessed in these participants in the 
6% years after the third examination (Table HI). 
Dark-skinned men had slightly elevated mortality 
rates over light-skinned men. There is a strong 
gradient of risk associated with the presence of 
definite LVH. In both dark- and light-skinned 
groups, persons with definite LVH had more than 
four times the death rates of those without LVH. 
Possible LVH carries an increased risk, although it 
is smaller in magnitude (approximately 1.5 times the 
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Table IV. Relative odds of death in 6% years by age, LVH, and SBP, adjusted for all variables in model (multiple 
logistic function estimation)*: Urban men, aged 50 to 69 years at examination 3, without CHD at examination 





Adjusted 


relative odds 95% CI for relative odds 














Characteristics Comparison for 

at exam 3 relative odds Light skin Dark skin Light skin ` Dark skin 
Possible LVH Yes: No 1.41 1.48 0.99-2.03 0.77-2.84 
Definite LVH Yes: No 4.95 7.41 2.77-8.87 2.81-19.56 
Age 85 yr: 55 yr 2.46 1.91 1.96-3.35 1.06-3.45 
SBP 160 mm Hg:120 mm Hg 1.31 1.25 1.05-1.65 0.79-1.97 





SBP = Systolic blood pressure. 


Hg). 


risk of those without LVH). The increased risk of 
death in those with possible LVH is of a a 
magnitude in both skin color groups. 

Cardiovascular mortality also shows highly 
increased mortality among those with definite LVH 
(over ninefold). The risks associated with possible 
LVH are not as strong but are significant (two times 
in light skin and 1.5 times in dark skin). 

To estimate the mortality risks associated with 
definite and possible LVH, a logistic model was 
fitted with mortality as the dependent variable, and 
age, LVH, and systolic blood pressure as the inde- 
pendent variables (Table IV). The adjusted odds 
‘ratio for death among those with possible LVH is 
1.41 for the light-skinned group and 1.48 for the 
dark-skinned men. Neither is statistically signifi- 
cant at p < 0.05. The adjusted odds ratio for death 
among those with definite LVH is 4.95 for light- and 
7.41 for dark-skinned men. These results show that 
the mortality consequences of both definite and 
possible LVH are the same in dark- and light- 
skinned men. Results of a statistical test for interac- 
tion indicated no difference in the LVH-mortality 
relationship by race. When the analysis was run 
excluding those receiving antihypertensive medica- 
tion, the LVH-mortality relationships were slightly 
attenuated but still highly significant for definite 
LVH for both light- and dark-skinned groups. 


DISCUSSION 


LVH as diagnosed by ECG carries a substantial 
toll in subsequent coronary morbidity and mortality 
as determined in mostly white populations in the 
United States.** In Framingham mortality rates in 
men with LVH-ECG are more than three times 
those found in participants without LVH-ECG.* 
Whereas LVH-ECG is strongly related to hyperten- 
sion, the mortality and morbidity risks from LVH- 
ECG are only slightly diminished when hyperten- 


*Logistic model: dependent variable: death in 6% years (yes, no). Independent variable: possible LVH (yes, no), definite LVH (yes, no), age (yr), SBP (mm 


sion is taken into account.® Mortality from possible 
LVH-ECG was about half that of definite LVH- 
ECG. 

In black populations no clear evidence of 
increased CHD morbidity has been found in those 
with LVH-ECG. A nonsignificant excess was found 
among the Evans County blacks population.® In the 
Hypertension and Detection Follow-up Programs 
(HDFP) all-cause mortality was significantly elevat- 
ed among blacks with LVH.: The HDFP analysis 
was among those in the referred-care group. The 
Puerto Rico data have shown a strong and consis- 
tent elevation of all-cause and cardiovascular mor- 
tality in dark- and light-skinned groups with both 
definite and possible LVH-ECG (Table III). The 
elevated risk of all-cause mortality, but not cardio- 
vascular mortality, persists after adjustment for 
blood pressure (Table IV). 

Studies in black populations consistently find the 
prevalence of LVH to be higher than in white 
populations.** The increased prevalence persists 
when adjustments are made for associated risk 
factors (e.g., blood pressure, physical activity, ciga- 
rette smoking, and anthropometric measurements). 
The Puerto Rican data also show an elevated preva- 
lence of both possible and definite LVH among 
dark-skinned men, which persists after adjustment 
for possible confounders. l 

In Puerto Rico many characteristics are similar 
between the skin color groups. Mean levels of blood 
glucose, relative weight, and the number of ciga- 
rettes smoked are similar in dark-and light-skinned 
men.” The frequency of treatment for high blood _ 
pressure is also very similar. Fifteen percent of dark- 
and 14% of light-skinned men were receiving anti- 
hypertensive medication including diuretics. In 
addition to the higher mean blood pressure levels in 
dark-skinned men, they have lower mean serum 
cholesterol and fasting triglyceride levels, they are 
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. Slightly more physically active, and they have lower 
mean levels of income and education. _ 

Body habitus is clearly related to LVH-ECG, 
since Table II shows both an inverse relationship 
between possible LVH and relative weight or skin- 
fold thickness, and a direct relationship between 
defininte LVH and these measures of obesity. 
Because of these associations the prevalence of LVH 
between the skin color groups was compared with 
respect to relative weight and subscapular skinfold 
thickness. The data do not suggest that the higher 
frequency of LVH in dark-skinned men is an artifact 
resulting from measurements on leaner individuals. 
Inasmuch as an enlarged heart can also be a physio- 
logic response to increased exercise,.the skin color 
groups were compared on their assessment of physi- 
cal activity. It was determined that the increased 
LVH in dark-skinned men cannot be ascribed to 
differences in levels of physical activity. 

The increase in LVH in black men has been 
hypothesized to be the result of a more severe and 
damaging response to elevated hypertension. The 
PRHHP data do not support this, since dark- 
skinned men have a higher prevalence of LVH at 
even normal blood pressures. Furthermore the rela- 
tive increase in LVH among hypertensive men as 
compared to normotensive men is the same for 
blacks and whites. Proteinuria, a possible indicator 
of cardiovascular damage and vulnerability,” is 
slightly more common in Puerto Rico ‘among dark- 
skinned hypertensive men than light-skinned hyper- 
tensive men (24% vs 18%) although the difference 
is not statistically significant. 

Last it is possible that blacks have blood pressures 
of a higher elevation and longer duration, thus 
causing more LVH. Although difficult to quantify, 
the PRHHP does not show that hypertensive men 
with dark skin have had hypertension more fre- 
quently at the first examination, 6 years before their 
current status was determined, than light-skinned 
men. Also the mean values of blood pressure for the 
five categories of systolic blood pressure at the third 
examination are the same for the skin color 
groups. 

Thus it remains moot as to why dark-skinned men 
have a higher prevalence of both possible and defi- 
nite LVH in the PRHHP after adjustments for 
blood pressure, relative weight, cigarette smoking, 
and physical activity. It is clear, though, that LVH 
conveys a markedly increased risk of death in both 
skin color groups, for all causes and for those of 
cardiovascular origin. 
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APPENDIX 
CRITERIA FOR LEFT VENTRICULAR HYPERTROPHY 


Possible LVH: Either I or II below 
Definite LVH: I and either III or IV below 
I. QRS voltage criteria alone 
*(a) R + Sn = 25 mm 
*(b) Rv; or Rv, + Sv; >35 mm 
(c) RaV, >11 mm (in horizontal hearts) 
(d) RaV; >20 mm (in vertical hearts) 


Il. 


NI. 


LVH in Puerto Rican men 783 


(e) Sv; =24 mm — : 

(H Rv; or Rvs > 26 mmi. °-. , 
Delayed intrinsicoid deflectior in absence of 
block. This means onset of intrinsicoid deflec- 
tion in lead Vs 0.05 second or later after onset 
of the QRS interval. 

Lead aV, or aVw: flat, diphasic, or inverted T 
wave (with an R wave of 6 mm or more 
amplitude) plus 0.05 mm or more ST segment 
depression. 
Lead V, or Vz: ST segment depression, low or 
inverted T waves, or both. 
*Either a or b establishes the QRS voltage 
criteria; two of the items from c to f are 
needed to establish the criteria. 





Electrocardiographic diagnosis of 
exercise-induced left ventricular hypertrophy 


To assess the prevalence of physiologic left ventricular hypertrophy and the usefulness of ECG 
criteria for its diagnosis, we compared ECGs and M-mode echocardiograms from 44 
ultraendurance athletes and 20 similarly aged sedentary control subjects. Left ventricular mass 
was elevated in 25 of 44 (57%) athletes including 17 of 29 (59%) men >134 gm/m? and 8 of 15 
(53%) women >110 gm/m’. The sensitivity and specificity of the three ECG criteria used to 
diagnose left ventricular hypertrophy were: Sokolow-Lyon voltage (S-V; + R-V; = 3.5 mV), 65% 
and 61%; Romhilt-Estes score (=4), 16% and 84%; and Cornell voltage (R-aV, + S-V, > 2.8 mV in 
men and >2.0 mV in women), 8% and 95%, respectively. Left ventricular mass, mass index, 
posterior wall thickness, chamber diameter, and relative wall thickness were not related to any 
measurement of QRS voltage. Nonvolitage ECG criteria for left ventricular hypertrophy were rare 
in athletes. Thus hypertrophy is a common but not universal adaptation to exercise. It is only 
moderately well detected by standard voltage criteria for left ventricular hypertrophy and is not 
reflected in nonvoltage criteria. (Am Heart J 1988;116:784.) 


Pamela S. Douglas, MD, Mary L. O’Toole, PhD, W. Douglas B. Hiller, MD, 
Keith Hackney, and Nathaniel Reichek, MD. Philadelphia, Pa., and 


Memphis, Tenn. 


Given the popularity of exercise, it is important to 
recognize and characterize the cardiovascular conse- 
quences of vigorous physical training and to distin- 
guish them from manifestations of heart disease. 
One such consequence, left ventricular hypertrophy, 
is a common component of the athlete’s heart," 
although its true prevalence is unknown. Similarly, 
although its reflection in the surface ECG has been 
of interest, the usefulness of ECG criteria for its 
recognition has not been evaluated. Such an assess- 


ment is important since the accuracy of these crite-_ 


ria is known to depend on factors that may differ 
between athletes and patients, such as left ventricu- 
lar geometry, body habitus, sex, age, and blood 
pressure.*® Because pathologic hypertrophy and 
physiologic hypertrophy are functionally different,’ 
the cause of hypertrophy may also affect its ECG 
manifestations; however, previous studies have 
examined only patients with heart disease. Finally 
many athletes display a variety of ECG abnormali- 
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ties?* that have been attributed to physiologic left 
ventricular hypertrophy, although their relationship 
to left ventricular mass or geometry is unknown. 

Thus we sought to determine the prevalence of 
left ventricular hypertrophy in endurance-trained 
athletes, to assess the usefulness of standard ECG 
criteria for the diagnosis of physiologic left ventric- 
ular hypertrophy, and to relate ECG findings to left 
ventricular morphology. 


METHODS 


Patient population. The study population consisted of 
20 sedentary control subjects (aged 35 + 7 years; range 24 
to 46; all men) and 44 ultraendurance-trained athletes 
(aged 33 + 9 years; range 19 to 60; 29 men and 15 women). 
Detailed exercise histories were obtained from the athletes 
and included total duration of training, average weekly 
training, percentage of high-intensity training, and best 
time in an ultraendurance race event (Hawaii Ironman 
triathlon: 2.4-mile swim, 112-mile bike, 26.2-mile run). 
Average duration of training was >2 years, with mean 
weekly training of 6.5 miles swimming, 190 miles bicy- 
cling, and 45 miles running. The average maximal oxygen 
uptake determined by treadmill testing in 25 athletes was 
67 +10 mi/kg/min (range 50 to 84). Age- and sex- 
corrected expected average maximal oxygen uptake for 
this group, calculated according to the formulae of Jones 
and Campbell,’ is 40 + 6 ml/kg/min. 

In control subjects average body surface area was 
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1.96 + 0.16 m? (range 1.69 to 2.25), average heart rate was 
67 + 9 beats/min (range 55 to 86), and average systolic 
blood pressure was 126 + 12 mm Hg (range 106 to 148). In 
athletes average body surface area was 1.84 + 0.19 m? 
(range 1.43 to 2.28), average heart rate was 53 + 10 
beats/min (range 36 to 79), and average systolic blood 
pressure was 120+ 15 mm Hg (range 90 to 152). No 
subject had historic or ECG evidence of cardiovascular 
disease, and none was receiving medication in any form. 

ECGs. All subjects underwent standard 12-lead ECG 
testing by means of a Marquette MAC 12 ECG at 25 mm 
/sec and 1 mV/cm or 2 mV/cm standardization. They were 
interpreted without knowledge of other patient data. 
Computerized determinations of intervals and axes were 
performed in 20 athletes. Three different criteria were 
used for the ECG diagnosis of left ventricular hypertro- 
phy: the Sokolow-Lyon criteria (S-V, + R-V;) = 3.5 mV,” 
the Romhilt-Estes point score system," and the recently 
proposed “Cornell” voltage: (R-aV, + S-V3 > 2.8 mV in 
men and > 2.0 mV in women).® Two different criteria were 
used for the ECG diagnosis of right ventricular hypertro- 
phy: (R-V, + S-V;) = 1.05 mV? and R in lead I <0.2 
mV." One female athlete with left bundle branch block 
was excluded from ECG analysis of hypertrophy. Voltage 
data are presented in millivolts rather than millimeters (1 
mV = 10 mm or 5 mm, depending on standardization) to 
prevent calibration errors. 

Echocardiography. All subjects underwent M-mode 
echocardiography of the left ventricle recorded at the 
chordal level by means of either an Ekoline 20 ultrasono- 
graph (Ekoline, Inc., Andover, Mass.) with 2.25 mHz 
transducer, Diasonics CV400 ultrasonogram (Diasonics, 
Milpitas, Calif.) with 3.5 mHz transducer, or ATL Ultra- 
mark 8 (Advanced Technology Laboratories Inc, Bothell, 
Wash.) with 3.0 mHz transducer. All recordings were 
made at 50 mm/sec paper speed. Imaging location and 
gain settings were adjusted to yield optimal definition of 
endocardial and epicardial borders. All echocardiographic 
analysis was performed by an observer blinded to other 
patient data. Left ventricular chamber and wall dimen- 
sions were measured according to the standard methods of 
the American Society of Echocardiography” over three to 
five cycles at end diastole, taken at R wave peak, and end 
systole, taken at minimal cavity dimension. 

Echograms were also digitized excluding right and left 
septal and posterior wall endocardial thicknesses for 
measurement of left ventricular mass (1.04- 
({LVID + PWT + IVST]’ — LVID*) — 13.6 gm; where 
LVID = left ventricular internal dimension, PWT = pos- 
terior wall thickness, and IVST = interventricular septal 
thickness) as previously validated. 

Left ventricular hypertrophy. Left ventricular hyper- 
trophy was diagnosed when the calculated echographic 
mass index was more than two standard deviations (nine- 
ty-seventh percentile) above the average values for normal 
subjects determined by Devereux et al. by means of 
identical methodology. The upper limits of normal were 
therefore defined as 134 gm/m? in men and 110 gm/m? in 
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Fig. 1. Results of echocardiographic determination of 
left ventricular mass index in control subjects and male 
and female athletes. Prevalence data (number and per- 
centage with left ventricular hypertrophy, LVH) are 
shown underneath plots. In contrast, normal left ventric- 
ular mass index was found in 18 of 44 athletes (41%). 


women. All normal control values from the present study 
fell below these limits. 

Statistical analysis. Results were analyzed by means of 
the unpaired Student’s ¢ test and standard deviation 
formulae for calculation of sensitivity, specificity, and 
predictive accuracy. Correlations between ECG voltage, 
left ventricular mass, and echocardiographic parameters 
of left ventricular geometry were analyzed by means of 
linear regression. 


RESULTS 


Mean echocardiographic left ventricular mass, 
mass index, and the prevalence of hypertrophy in 
control subjects and athletes are shown in Table I 
and Fig. 1. In neither group were there significant 
correlations between left ventricular mass or mass 
index and age, blood pressure, or heart rate. In 
athletes no correlations were found between hyper- 
trophy and the duration or intensity of exercise 
training or race performance. Similarly the duration 
and intensity of training and race performance were 
not different in athletes with or without left ventric- 
ular hypertrophy. 

Average QRS voltages in each group are shown in 
Table II. Whether compared in sedentary control 
subjects, in all athletes, or in male and female 
athletes separately, left ventricular mass and mass 
index were not significantly related to R-aV,, 8-Vi, 
S-V;, R-V;, R-aV,+S-V;, or S-V,+R-V,; (all 
r<0.40) (Fig. 2). In addition no correlations were 
found in any group between any voltage criteria 
and posterior wall thickness, relative wall thick- 
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Table 1. Echocardiographic left ventricular mass 
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Study population LV mass (gm) LV mass index (gm/m?) LV hypertrophy present 
Control subjects 191 + 40 (109-251) 98 + 20 (64-133) 0/20 (0%) > 134 gm/m? 
Athletes i . 
Men 272 + 65 (188-436) 140 + 30 (102-218) 17/29 (59%) > 184 gm/m? 
Women 185 + 72 (93-400) 112 + 38 (66-225) 8/15 (58%) > 110 gm/m? 
All 243 + 78 (93-486) 131 + 36 (66-225) 25/44 (57%) 
p Value (control vs male athletes) <0.001 <0,001 <0.001 
LV = left ventricular. 
Table Il. QRS voltages (in millivolts) 
Study 
population R-aV, S-V; R-aV,+8-V; - S-V, R-V; S-V, + R-Vs 
Control subjects 0.31 + 0.23 0.97 + 0.47 1.26 + 0.57 0.77 + 0.37 1.73 + 0.87 2.51 + 0.55 
Male athletes 0.20 + 0.17 1.26 + 0.68 1.46 + 0.60 ` 1.14 + 0.52 2.17 + 0.66 3.82 + 0.77 
Female athletes 0.27 + 0.17 0.90 + 0.71 1.17 + 0.73 1.21 + 0.55 1.70 + 0.62 3.41 + 0.10 
All athletes 0.23 + 0.17 1.13 + 0.67 1.36 + 0.65 1.16 + 0.52 2.02 + 0.70 7.68 + 0.87 
p Value (control vs 0.13 0.09 0.25 <0.005 0.11 <0.001 


male athletes) 





ness, blood pressure, or chamber diameter (all 
r < 0.40). 

Nonvoltage ECG criteria for left ventricular 
hypertrophy were rare in both control subjects and 
athletes. One control subject had a QRS axis <—30 
degrees, and two had prolonged QRS duration 
> 0.09 second (both 0.10). In athletes, increased 
QRS duration (>0.09 second) was present in 21 of 44 
(48%), although only eight had QRS >0.10 second 
(19%) and none had a QRS >0.12 second. Left atrial 
abnormality was seen in 3 of 44 (7%). Left-axis 
deviation <—30 degrees, ST segment strain; and 
delayed intrinsicoid deflection were not seen in any 
of the athletes. Romhilt-Estes voltage criteria (limb 
lead >2.0 mV or V lead >3.0 mV) were met by seven 
athletes (16%) and none of the control subjects. 
Only one athlete (2%) met Romhilt-Estes criteria 
for definite left ventricular hypertrophy with a score 
of 7. Six additional athletes (14%) met criteria 
for probable left ventricular hypertrophy with a 
score of 4. 

The sensitivities, specificities, and predictive val- 
ues of ECG criteria for exercise-induced physiologic 
left ventricular hypertrophy are shown in Table 
Til. 

Other ECG findings. Examination of ECGs of ath- 
letes showed that nearly all had resting sinus brady- 
cardia, with an average heart rate of 53 + 10 beats/ 
min (range 36 to 79). Three had heart rates greater 
than 70 beats/min, and two had a single premature 
ventricular depolarization recorded. Average P, 


QRS, and T wave axes, and PR, QRS, and QT 
intervals for the 20 with computerized tracings are 
shown in Table IV. 

Abnormalities seen in athletes included early 
repolarization in 10 of 44 (22%), inferior Q waves in 
five (11%), incomplete right bundle branch block in 
two (4%), left bundle branch block in one (2%), 
anterior Q waves in one (2%), and a persistent 
juvenile T wave pattern in one (2%). Right ventric- 
ular hypertrophy with R-V, + S-V; = 1.05 mV was 
present in five athletes (11%), although a second 
criterion, R in I1<0.2 mV, yielded no positive 
results. None of these ECG abnormalities were seen 
in control subjects. 


DISCUSSION 


Prominent among the cardiac changes associated 
with exercise training is left ventricular hypertro- 
phy, such that an increase in myocardial mass has 
been accepted as the “normal” cardiac exercise 
response.!* 19 In seeking to determine its prevalence, 
we found that average left ventricular mass was 
elevated in athletes but hypertrophy was by no 
means universal. Rather a normal mass index was 
found in more than a third of male and nearly half of 
female athletes studied. 

At the other end of the spectrum, although most 
athletes had modest hypertrophy, left ventricular 
mass was markedly increased in some athletes, with 
three ventricles >400 gm. Although, in contrast to 
diseased hearts, physiologic left ventricular hyper- 
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Fig. 2. Relationships between left ventricular mass index on horizontal axis and ECG voltage on vertical 
axis. Female athletes are shown in upper panels and male athletes in lower panels. X = Those with left 
ventricular hypertrophy (LVH); 0 = subjects with normal left ventricular mass. Sex-specific upper limits 
of normal for both left ventricular mass index and voltages are shown by broken lines. Note poor 
relationship between mass and voltages regardless of sex and criteria used. A, Sokolow-Lyon voltage 


criteria. B, Cornell voltage criteria. 


trophy has never been documented to exceed 500 
gm, a possible upper limit of exercise-induced adap- 
tation,” in general the extent of hypertrophy does 
not differentiate between possible causes. 

Inasmuch as our population pursued exceptional- 
ly intensive training in three sports, the frequent 
finding of normal left ventricular mass cannot be 
attributed to an inadequate stimulus. Furthermore 
we could not separate those with normal mass from 
those with increased left ventricular mass on the 
basis of athletic training or capability. It is possible 
that training-induced increases in left ventricular 
mass may not have been sufficient to exceed the 
normal range. Howeyer, our results suggest that in 
those athletes with a normal left ventricular mass, 
the ventricular enlargement and increased wall 
thickness associated with and sufficient to produce 
left ventricular hypertrophy are not essential for the 
increased aerobic capacity associated with success- 
ful endurance performance. 

Although left ventricular hypertrophy was com- 
mon, usual criteria for its ECG diagnosis yielded 
poor to moderate results even in our study popula- 


tion of highly trained ultraendurance athletes. The 
ECG criteria used were selected for several reasons: 
older, conventional, and recently proposed criteria 
were used, each of which has been validated in large 
numbers of patients, yielding proven superior per- 
formance in pathologic left ventricular hypertro- 
phy. Sokolow-Lycn voltage appeared to be the 
most useful, with results similar to those reported by 
others in patients with heart disease.® '® The inabil- 
ity of the Romhilt-Estes score or Cornell voltage to 
accurately reflect physiologic left ventricular hyper- 
trophy was unexpected. 

Although several recent studies have shown that 
the addition of nonvoltage criteria to voltage mea- 
sures may substantially improve the ECG diagnosis 
of left ventricular hypertrophy,®*” this was not 
true in our population with physiologic, exercise- 
induced hypertrophy. Nonvoltage criteria were rare, 
and the Romhilt-Estes score yielded an overall 
accuracy rate of only 45%. The one exception was 
QRS prolongation, which was found to be an inde- 
pendent predictor of hypertrophy.” It is interesting 
to note that, at least in aortic regurgitation, the 
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Table fit. Accuracy of ECG criteria for diagnosis of left ventricular hypertrophy in athletes 








I. Romhilt-Estes score 








Echographic LVH 
+ - Sensitivity 16% 
+4 3 7 Specificity 84% 
R-E>4 Positive predictive accuracy 57% 
—21 16 37 Negative predictive accuracy 43% 
25 19 44 Overall predictive accuracy , 45% 
II. Sokolow-Lyon voltage 
Echographic LVH 
+ = Sensitivity 65% 
SV, + RV; +17 7 24 Specificity 61% 
Positive predictive accuracy 71% 
23.5 mV -9 11 20 Negative predictive accuracy . 55% 
26 18 44 Overall predictive accuracy 64% 
II. Cornell voltage 
Echographic LVH 
+ = Sensitivity 8% 
R-aV, + SV, + 2 1 3 Specificity 95% 
Men >2.8 mV Positive predictive accuracy 67% 
Women >2.0 mV —23 18 41 Negative predictive accuracy 44% 
25 19 44 Overall predictive accuracy 45% 





LVH = left ventricular hypertrophy. 


Table IV. Computer-determined ECG intervals and axes in athletes (n = 20) 





Intervals (seconds) PR 
Reference normal value <0.20 
Athletes 

Mean 0.156 + 0.02 
Range (0.128-0.204) 
No. abnormal (%) 1 (5%) 

Axes (degrees) P 
Reference normal value <60 
Athletes 

Mean 45 + 25 
Range (—10-79) 


No. abnormal (%) 8 (40%) 





QPS QT QTc 
0.10 0,44 
- 0.096 + 0.011 0.441 + 0.036 0.421 + 0.032 
(0.076-0.112) (0.400-0.532) (0.399-0.549) 
8 (40%) f 2 (10%). 
QRS T 
<90 QRS + T divergence < 50 
60 + 27 33 + 15 
(-7-94) (7-76) 
2 (10%) 2 (10%) 





presence of abnormal repolarization, a nonvoltage 
criterion for left ventricular hypertrophy, was asso- 
ciated with poor functional and prognostic indica- 
tors.” If this were to hold true in other disorders, the 
rarity of such findings in those without true heart 
disease (i.e., physiologic and not pathologic hyper- 
trophy) would not be unexpected. 

In addition to being poor diagnostic predictors of 
left ventricular hypertrophy, neither voltage criteria 
nor their components were related to geometric 
measures of hypertrophy, such as wall thickness, 
cavity size, and relative wall thickness, or to left 
ventricular mass or mass index. Although this may 
help explain their poor performance, a possible 


explanation may lie in the cause of heart disease. 
Most studies, including those proposing the Rom- 
hilt-Estes and Cornell voltage criteria,®?° were vali- 
dated in populations that included patients with 
valvular disease, coronary disease, cardiomyopathy, 
and hypertension. Although few studies have com- 
pared diagnostic accuracy in different disease states, 
one preliminary report suggests that it may vary 
substantially.” Inasmuch as physiologic and patho- 
logic hypertrophy have been shown to be functional- 
ly different,! it is possible that the cause of hypertro- 
phy may in part determine its reflection in the 
ECG. l i 
Another less likely explanation relates to differ- 
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ences in left ventricular geometry, since surface 
ECG voltage has been known to be dependent on 


relative changes in mass and cavity volume.” We _ 


and others have shown endurance athletes to have 
mild elevations in wall thickness, cavity dimension, 
and h/R ratio. These. changes should logically 
increase both posterior (S-V,, S-V;) and horizontal 
(aV,, R-V,) forces and therefore should be de- 
tected by usual criteria for left ventricular hyper- 
trophy. More important, since the pattern and ex- 
tent of left ventricular remodeling seen in athletes 
falls well within the range of that seen in the pa- 
tient populations previously studied,®?°™ it is un- 
likely that left ventricular geometry alone can ac- 
count for the limited accuracy of conventional ECG 
criteria. 

It is possible that. the Hight T E dilation 
and hypertrophy commonly seen in athletes may 
modify surface detection of an altered pattern of left 
ventricular forces. Thus right-sided forces may 
“cancel out” a leftward axis, a deeper anterior 
precordial S wave, or a taller lateral R wave. This 
likely accounts for the especially low voltage in aV, 
found in the present study. Other factors affecting 
the inscription of QRS voltage include chest size, 
age, body habitus, sex, and race.°**.6 

Our findings have implications for the difficult 
yet important differentiation between physiologic 
and pathologic hypertrophy. To date, differentia- 
tion has been based on family and. athletic histories, 
echocardiographic features such as asymmetric 
hypertrophy and marked left ventricular hypertro- 
phy without chamber enlargement, and evidence of 
normal diastolic function.“ The ECG has not been 
thought to be useful except in asymptomatic hyper- 
trophic cardiomyopathy: 

The results of the present study suggest that 
physiologic hypertrophy principally manifests itself 
by increased QRS voltage and is best detected by 
means of the sum of S-V,+R-V,. Marked QRS 
prolongation or any other nonvoltage criteria of left 
ventricular hypertrophy, or definite left ventricular 
hypertrophy as defined by the Romhilt-Estes point 
score, would suggest the presence of pathologic 
hypertrophy. Evidence of right ventricular hyper- 
trophy is common in the athlete, and its presence 
would suggest the biventricular hypertrophy charac- 
teristic of exercise training. Characteristics not use- 
ful in the differentiation of physiologic and patho- 
ine DA include mild or even marked 
increases in QRS voltage or in echographic left 
ventricular mass. 


We thank Jeannette Forte and Evelyn Robles for their assis- 
tance in the preparation of the manuscript. 
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Radionuclide determination. of the relationship 7 
between left ventricular contractile state and 


ejection fraction. 


To determine whether the relationship between various measures of laft ventricular (LV): 

contractile state and ejection fraction (EF)-.Is linear in man, we studied 30 patients during right 

atrial pacing over a range of loading: conditions. With the use of micromanometer LV pressures 

and radionuclide LV volumes, pressuré-volume (P-V) loops were generated for each loading. 
condition. Then isochronal, instantaneous P-V data. points were obtained by linear regression , 
analysis to attain the maximum slope (E,,,,) of these time-varying isochrones. Other measures of ~~ 
LV end systole were also used to calculate end-systolic P-V relations in a similar fashion, and a 
indirect P-V relations were obtained from the linear regression analysis of brachial artery peak 


pressure vs minimum LV volume data points. When the slopes of these LV contractile measures 
were compared to the radionuclide LV EFs, the linear correlation coefficients ranged from 0.53 
to 0.67. After natural log transformation of the LV contractile state and EF data, the correlation 
coefficients for the polynomial curve fits ranged from 0.80 to 0.88: When the -correlation 

coefficients for the polynomial curve fits of the natural log transformed-data were compared to 
those for the linear regression analyses of the raw data, significant improvements were evident 


(p < 0.05). Thus the relationship between various measures of LV contractile state and EF 
obtained with radionuclide angiography is best approximated by a complex, curvilinear 
relationship that is due, in part, to the wide range of LV contractile. states within the relatively 
narrow normal range of LV ejection fractions. (Am PENE J 1388; 1 16: 790.) 
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The linear relationship between left ventricular 
(LV) end-systolic pressure vs volume (P-V) data 
points obtained from multiple loadirig conditions 
has been demonstrated in excised, supported LV 
and conscious animal preparations to be a measure 
of LV contractile state.’* The theoretic relationship 
between measures of LV contractile state and short- 
ening characteristics, measured by stroke volume or 
ejection. fraction (EF) has been predicted to be 
curvilinear.’ Nivatpumin et al.” have shown in man 
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that the maximal P-V ratio obtained from a single 
beat has a curvilinear relationship with LV EF. This 
single-beat ratio, however, may be sensitive to load- 
ing conditions in addition to LV contractile state.” 
In contrast, invasive and noninvasive studies in 
man}? have reported a linear relationship between 
measures of LV contractile state calculated from 
multiple loading conditions and LV EF values. A 
linear relationship, however, does not incorporate 
low LV EF values, and therefore a curvilinear 
function might better represent this relationship 
over the full range of LV contractile states and EF 
values." Whether the relationship between LV 
contractile state and EF is optimally predicted by a 
linear or curvilinear function in man has not been 
established. Moreover, whether various measures of 
LV contractile state all have a comparable relation- 
ship with shortening characteristics has also not 
been defined. Accordingly, the purpose of this inves- 
tigation was to determine whether the relationship 
between various measures of LV contractile state 
and EF obtained with radionuclide angiography is 
optimally predicted by a simple linear or by a more 
complex, curvilinear function in man. 


METHODS 


Patients. The patient population consisted of 30 
patients, 16 normal subjects, nine patients with aortic 
regurgitation, one patient with mitral regurgitation, two 
patients with cardiomyopathy, and two patients with a 
prior myocardial infarction. There were 23 men and seven 
women, with an age range of 23 to 71 years (mean 48 + 11 
[SD] years). Each patient was referred for diagnostic right 
and left heart catheterization to establish the presence or 
absence of coronary artery disease or to establish the 
hemodynamic severity of his/her cardiovascular disease. 
Each patient gave written informed consent for this 
investigation on a form approved by the Human Studies 
Committee at the University of Michigan or Veterans 
Administration Medical Centers, Ann Arbor, Mich., or the 
University of Texas Health Science Center, San Antonio, 
Texas. Eight patients were taking no medication, while 
the remaining 22 patients were taking one or more of the 
following: diuretics (eight patients), beta-adrenergic 
blocking agents (four patients), Cat*-entry blocking 
agents (five patients), vasodilators (six patients), or 
nitrate preparations (15 patients). All medications were 
discontinued 24 to 48 hours prior to cardiac catheteriza- 
tion. Twenty-eight of the 30 patients had normal coronary 
arteriograms, while the two patients with a prior myocar- 
dial infarction had single-vessel coronary artery disease 
with an occluded vessel to the previously infarcted myo- 
cardial region. 

Protocol. After completion of the diagnostic catheter- 
ization, each patient entered the protocol, which consisted 
of the simultaneous acquisition of micromanometer mea- 
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sured LV and ascending aortic pressures and fluid mea- 
sured brachial artery pressures with gated equilibrium 
radionuclide angiograms under control conditions and 
during methoxamine and nitroprusside infusions. The 
average methoxamine infusion was 761 + 781 (SD) ug/ 
min, and the mean nitroprusside infusion was 79 + 93 
„g/min. Right atrial pacing was used to maintain heart 
rate constant during ali three loading conditions. Steady 
state was defined as a 10 mm Hg or less variation in the 
micromanometer and fluid pressure measurements during 
each radionuclide acquisition. 

Hemodynamics. Twenty cardiac cycles of a simulta- 
neous electrocardiogram (ECG), micromanometer LV 
(200 mm Hg and 50 mm Hg scales) and ascending aortic 
pressures (200 mm Hg scale), the first derivative of LV 
pressure (dP/dt), and fluid brachial artery pressure (200 
mm Hg scale) were recorded at the beginning, middle, and 
end of each radionuclide acquisition at 100 mm/sec paper 
speed with an Electronics for Medicine VR-12 or 16 
physiologic recorder (Electronics for Medicine/Honeywell 
Inc., Pleasantville, N.Y.. Offset measurements were made 
for both the micromanometer and fluid pressure signals 
following each hemodynamic recording to guarantee sta- 
bility of the zero reference. 

The micromanometer LV and ascending aortic pres- 
sures and fluid brachial artery pressures were manually 
averaged for each radionuclide acquisition to obtain aver- 
age pressure waveforms. The average micromanometer 
LV pressure waveform was then hand digitized with a 
Calcomp 9100 inductance tablet interfaced to an IBM PC 
computer (IBM Corp., Purchase, N.Y.) throughout the 
R-R interval beginning at the peak of the R wave, with the 
use of a program developed in our laboratory. This 
program provides instantaneous LV pressure and the first 
derivative of LV pressure (dP/dt) at a variable sampling 
frequency. The LV pressures were sampled at 5 msec 
intervals for this investigation.” 

Equilibrium radionuclide angiography. Gated equilib- 
rium radionuclide angiograms were obtained following in 
vivo red blood cell labeling with 30 mCi of technetium- 
99m at 30 msec/frame throughout the R-R interval for 500 
cardiac cycles. A 2 ml blood sample was drawn during the 
middle of each radionuclide acquisition and was later 
counted for 2 minutes. The time delay between drawing 
and counting the blood sample was recorded for decay 
correction. Measurements were made on each patient to 
calculate the distance from the gamma scintillation cam- 
era in the left anterior oblique (LAO) position to the LV 
center of mass for attenuation correction, by means of 
anatomic landmarks and a simple geometric technique 
previously validated in this laboratory. 

Radionuclide LV volumes were calculated frame-by- 
frame for each of the three loading conditions with a 
hand-drawn region-of-interest technique and attenuation 
correction.+5 Briefly, on the background subtracted and 
smoothed images, an LV region-of-interest was drawn by 
the operator to encompass the LV but to exclude the left 
atrium. These LV counts were then normalized for frame 
duration, cardiac cycles, a decay-corrected plasma blood 


792 Starling et al. 


Table i. Hemodynamic data (n = 30) 








Control 
Heart rate (beats/min) 
A* 78 + 12 (SD) 
Bt ` 79+ 13 
Ct 80 + 14 
Brachial artery peak pressure (mm Hg) 
A 141 +19 
B 139 + 18 
Cc 140 + 15 


Ascending aortic peak/dicrotic notch pressures (mm Hg) 


Aud 129 + 19/98 + 25 
B 128 + 21/100 + 17 
C 127 + 16/108 + 12 
Left ventricular peak/end-diastolic pressures (mm Hg) 
A 133 + 18/15 + 6 
B 131 + 20/14 + 8 
Cc 131 + 17/13 + 6 





*A = beginning of each radionuclide acquisition. 
+B = middle of each radionuclide acquisition. 
$C = end of each radionuclide acquisition. 


Table Il. Hemodynamic data (n = 30) 
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Methoxamine Nitroprusside 
76 + 12 83 + 13 
78 +13 83 + 13 
78 + 15 83 + 14 
179 + 21 113 + 21 
183 + 20 114 + 23 
184 + 20 114 + 22 


168 + 25/128 + 26 
173 + 21/131 + 23 
178 + 20/134 + 24 


100 + 20/79 + 19 
100 + 21/80 + 19 
100 + 21/81 + 19 


172 + 29/22 + 10 
174 + 22/21 +9 
176 + 20/21 +9 


103 + 20/8 + 5 
104 + 20/8 + 5 
103 + 20/8 + 5 








HR BaP Badi AoP Aodi LVP LVEDP (+)dP/dtmax 
(beats/min) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (mm Hg/sec) 
Control 79413 129 + 41 92 + 16 126 + 16 101 + 14 180 + 16 1546 1123 + 233 
Methoxamine 79 +13 176 + 42ł 118 + 22+ 171 + 217 131 + 207 174 + 22t 23 + 9} 1369 + 291* 
Nitroprusside 82+ 14 113 + 21} 75 + 21T 100 + 20t 80 + 18t 103 + 19ł 9+ Bt 1208 + 292 








HR = heart rate; BaP = brachial artery peak pressure; Badi = brachial artery dicrotic notch pressure; AoP = aortic peak pressure; Aodi = aortic dicrotic 
notch pressure: LVP = left ventricular peak pressure; LVEDP = left ventricular end-diastolic pressure. 


*p < 0.05. 
tp < 0.001 vs control. 


sample counts. With the calculated distance from the 
gamma scintillation camera in the LAO projection and 
assuming a linear attenuation coefficient of 0.15 cm~! for 
technetium-99m in water, *" the attenuation correction 
factor was calculated. The LV volume indices were then 
multiplied by this attenuation correction factor to obtain 
absolute LV volumes. 

Calculation of Ena and other P-V relations. With the 


use of the corresponding LV pressure measurements and ` 


radionuclide LV volumes, P-V loops for each of the three 
loading conditions were constructed. Then, isochronal 
instantaneous P-V data points from each of the three 
loading conditions were obtained by linear regression 
analysis beginning at the R wave and continuing through- 
out the cardiac cycle. The maximum slope of these 
time-varying isochrones was defined as the maximum 
time-varying elastance (Ema). Additional definitions of 
LV end systole were used to calculate end-systolic P-V 
relations. These additional definitions of end-systole were 
the time of the maximum P-V ratio (maxPV), which 
occurs at the left uppermost corner of each of the P-V 


loops; the time of minimum LV volume (minPV); the time 
of peak (—)dP/dt [(—)dP/dtPV]; and the time of zero 
systolic flow, which was approximated by the central 
aortic dicrotic notch (AodiPV). To calculate the end- 
systolic P-V relations for the first three of these defini- 
tions of end systole, the corresponding P-V data points 
from the hand-digitized micromanometer LV pressure 
waveform and radionuclide derived LV volume curve from 
each of the three loading conditions, which corresponded 
in time to the definitions of end systole, were derived by 
linear regression analysis to obtain a slope value. For the 
AodiPV slope calculations, however, the actual aortic 
dicrotic notch pressures were used. The indirect P-V 
relations were obtained from the linear regression analysis 
of brachial artery peak (BaP) pressure vs minimum LV 
volume (minV) data points from each of the three loading 
conditions. LV EF was calculated in the standard fashion 
with the use of the radionuclide absolute LV end-diastolic 
and end-systolic volumes. 

Statistical analysis. The raw and natural log-trans- 
formed LV contractile slope values for Ema» the end- 
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Fig. 1. The isochronal Esa slope value (cross-hatched bar) is compared to the other end-systolic P-V and 
indirect P-V relations (open bars). The bars represent the mean + 1 SD. Significant differences are 


shown. 


systolic P-V relations, the indirect P-V relations, and LV 
EF data were compared by linear regression analysis and 
polynomial curve fitting. Correlation coefficients for each 
of these LV contractile state and EF comparisons were 
compared by Fisher’s Z transformation. The mean values 
for Ema, the end-systolic P-V relations, and the indirect 
P-V relations are presented as the mean + 1 standard 
deviation and were compared by an analysis of variance. 
When a significant F statistic was obtained, t tests with a 
Bonferroni correction were performed to identify where 
these differences occurred. Similar comparisons were per- 
formed for LV, ascending aortic, and brachial artery 
pressures obtained during the beginning, middle, and end 
of each radionuclide acquisition to establish whether 
hemodynamic stability existed during each radionuclide 
acquisition, and for these pressures under the control 
condition and during the methoxamine and nitroprusside 
infusions to establish whether differences in these hemo- 
dynamic variables occurred between conditions. A proba- 
bility value of 0.05 or less was considered significant. 


RESULTS 


Hemodynamic data (Tables | and I). During each 
radionuclide acquisition, a hemodynamic steady 
state was maintained, as shown in Table I. Notably, 
heart rate, brachial artery pressure, ascending aortic 
pressure, and LV pressure did not differ significant- 
ly between the beginning, middle, and end of each 
radionuclide acquisition. 

In contrast, as shown in Table II a significant 
‘hemodynamic effect was produced by the methox- 
amine and nitroprusside infusions in comparison to 


control. Because of right atrial pacing, heart rate did 
not differ significantly between the three loading 
conditions. However, brachial artery, ascending aor- 
tic, and LV pressures increased during the methox- 
amine infusion (p < 0.001 for each) and decreased 
during the nitroprusside infusion (p < 0.001 for 
each) compared to control. There was an increase in 
(+)dP/dtmax during the methoxamine infusion 
(p < 0.05), but there was no significant effect of 
nitroprusside on the rate of LV pressure develop- 
ment compared to control. 

Comparison of various measures of LV contractile 
state to Ema- The average isochronal Ema slope value 
for the 30 patients was 3.94 + 2.24 mm Hg/ml, and 
it was underestimated by the other end-systolic and 
indirect P-V relations (p < 0.001 for all, Fig. 1). The 
maxPV relations averaged 2.61 + 1.73 mm Hg/ml, 
the minPV relations averaged 2.50 + 1.73 mm Hg/ 
ml, the (—)dP/dtPV relations averaged 1.56 + 1.71 
mm Hg/ml, and the AcdiPV relations averaged 
2.16 + 1.88 mm Hg/ml. The average BaP/minV 
relation was 2.69 + 1.90 mm Hg/ml. 

The average isochronal Ema: extrapolated volume- 
axis intercept was 47 + 93 ml. Although the mean 
unstressed volume (Vo) values for the other end- 
systolic and indirect P-V relations were less than 
that for Emex» they did not underestimate it signifi- 
cantly, due to the wide variance in these values 
(17 + 94, 27 + 149, —2 + 148, —1 + 57, and -2 + 
49 ml, respectively). 


794 Starling et al. 


September 1988 
American Heart Journal 





1.00 
e 
-80 
60 
LL 
Lu 
> 
—! 
40 . : 
. n=30 
r =0.63 
p =0.001 
y =0.41 +0.04x 





Emax (mmHg/ml) 


Fig. 2. The individual left ventricular ejection fraction (LVEF) values (on the ordinate) and their 
corresponding isochronal Ema: slope values (on the abscissa) are compared by linear regression analysis. 
The line of best fit, correlation coefficient (r), and regression equation are shown. 


Table ill. Correlation between measures of LV contractile function and ejection fraction (n = 30) 











Ems maxPV minPV (-)dP/dtPV AodiPV BaP/minV 
Raw data 
Linear regression 0.63 0.64 0.67 0.20 0.53 0.65 
Polynomial curve fit 0.71 0.70 0.71 0.20 0.66 0.70 
Natural log transformed data 
Linear regression 0.80 0.79 0.78 0.23 0.77 0.79 
Polynomial curve fit 0.84f 0.88* 0.83f 0.24 0.80* 0.86* 














E nax- maximum time-varying elastance; maxPV = time of maximum P-V ratio; minPV = time of minimum LV volume; AodiPV = time of zero systolic flow 


approximated by the central aortic dicrotic notch; BaP = brachial artery peak pressure; minV = minimum LV volume. 


*p = 0.05. 
tp < 0.10 vs linear regression of raw data. 


Comparison of LV contractile state and EF (Table Ill). 
The correlation coefficients between measures of LV 
contractile state and EF are shown in Table III, and 
they are displayed for isochronal Ema in Figs. 2 to 4. 
As demonstrated in Fig. 2, the correlation coefficient 
for the linear regression of isochronal Ena and EF 
was r = 0.63 (p = 0.001). When a polynomial curve 
fit was applied to these data, the correlation coeffi- 
cient improved to r = 0.71 (p < 0.001, Fig. 3). When 
the isochronal E,,,, slope values and LV EF data 
were natural log transformed, the correlation coeffi- 
cient for the linear regression of these data improved 


to r= 0.80 (p < 0.001, Fig. 4). A further improve- 
ment in the correlation coefficient to r= 0.84 
(p < 0.001, Fig. 4) was observed when a polynomial 
curve fit was applied to the natural log transformed 
data. When the correlation coefficients for the linear 
regression of the raw data and the polynomial curve - 
fit of the natural log transformed data were com- 
pared, there was a marginal improvement in correla- 
tion between these data (0.10 > p > 0.05). 

Similar comparisons between the end-systolic 
P-V slope value relations and LV EF data demon- 
strated a progressive improvement in the correlation 
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Fig. 3. In a format similar to that of Fig. 2, the LVEF and isochronal E,,, slope values are compared by 


means of a polynomial curve fit. 


coefficients from the linear regression of the raw 
data to the polynomial curve fit of the natural log 
transformed data (Table III). A significant improve- 
ment in the correlation coefficients was noted for 
the maxPV and the AodiPV relations (p < 0.05 for 
both), while a marginal improvement was noted for 
the minPV relations (0.10 > p > 0.05). The correla- 
tion coefficients between the (—)dP/dtPV relations 
and LV EF data remained consistently poor. 

The indirect P-V relations (BaP/minV) also dem- 
onstrated a progressive improvement in correlation 
coefficients between the BaP/minV slope values and 
the LV EF data. Compared to the linear regression 
analysis of the raw data, the polynomial curve fit of 
the natural log transformed data significantly 
improved the correlation coefficient between these 
data (p < 0.05). 

DISCUSSION 

The data in the present investigation indicate 
that the LV maximum time-varying elastance (Ena) 
slope values have only a weak linear relationship 
with their corresponding LV EFs. The relationship 
between isochronal Ema slope values and LV EF is 
more closely approximated by a complex, curvilinear 
function. When other end-systolic P-V slope value 


relations were compared to the LV EF data, weak 
correlation coefficients were obtained with linear 
regression analysis of the raw data, while better 
correlation coefficients were observed when polyno- 
mial curve fitting was applied to the natural log 
transformed data. Moreover, the indirect P-V (BaP/ 
minV) slope value relations also demonstrated an 
improvement in correlation, with. the LV EF data 
with polynomial curve fitting of the natural log 
transformed data in comparison to linear regression 
analysis of the raw data. Thus despite differences in 
the mean isochronal Ema end-systolic P-V relations, 
and indirect P-V relations, they all, except for the 
(—)dP/dtPV relations, have a comparable relation- 
ship with LV shortening characteristics as measured 
by LV EF. 

Sagawa et al.’ suggested that knowing the end- 
systolic P-V ratio from a single beat, one can 
theoretically predict LV stroke volume or EF if LV 
end-diastolic volume and end-systolic pressure are 
known. The LV EF is then equivalent to: 
EF = 1 — [ESP/EDV(E,,,,)] — Vo/EDV; where 
ESP = end-systolic pressure, EDV = end-diastolic 
volume, Vo = the unstressed volume, and Eme in this 
construct is the erid-systolic P-V ratio obtained from 
a single beat. The value Vo/EDV is presumed to be 
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Fig. 4. The natural log transformed left ventricular ejection fraction (LVEF) values (on the ordinate) 
and the natural log transformed isochronal Esa slope values (on the abscissa) are compared by both a 
linear regression analysis and a polynomial curve fit. The lines of best fit for the linear regression analysis 
(solid line) and for the polynomial curve fit (dashed line) are shown with their correlation coefficients (r) 


‘and regression equations. 


negligible. When this relationship was plotted, a 
nonlinear relationship was constructed that was 
relatively insensitive to changes in the end-systolic 
P-V ratio at high values of LV EF. Thus the 
theoretic relationship between the single beat end- 
systolic P-V ratio and LV EF would appear (based 
on this mathematical analysis) to be a complex, 
curvilinear function. 

The data regarding the relationship between LV 
contractile state and EF in man are conflicting.” 1! 1? 
Nivatpumin et al.” have shown in man that the 
maximal P-V ratio obtained from a single beat (as 


predicted by Sagawa et al.*) has a curvilinear rela- - 


tionship with LV EF. This measure, however, may 
be sensitive to changes in loading conditions in 
addition to contractile state. Kono et al., in an 
excised, supported LV preparation, and Wiesen- 
baugh et al., in an acute canine preparation, both 
demonstrated that the single-beat maximal P-V 
ratio and stress-volume ratio, since they presume a 
zero volume-axis intercept, increase when arterial 
load is increased. This has also been suggested in 
man.!? These single-beat ratios may also be depen- 
dent upon end-systolic volume.*” Thus since the 
maximal P-V ratio calculated from a single beat and 


LV EF are sensitive to alterations in loading condi- 
tions,” *! end-systolic P-V relations, which are char- 


` acterized by both a slope and Vo calculated from 


multiple data points and are independent of loading 
conditions, should be used to assess LV contractile 
state in man. 

Other studies in man" have compared end- 
systolic P-V slope value relations to LV EF. Mehmel 
et al." reported correlation coefficients between the 
slope of the maximum end-systolic P-V relations 
and LV EF when a linear (r = 0.89) and exponential 
analysis was employed (r = 0.94). Although no dif- 
ference between these correlation coefficients was 
evident, they noted that the linear regression analy- 
sis did not incorporate lower LV EF values, which 
were incorporated by the monoexponential function. 
The equally high correlation coefficients for both 
mathematical data transformations reported by 
these authors may be due to the relatively few data 
points in the low LV contractile state and EF 
ranges. 

More recently, McKay et al.” calculated the LV 
maximum time-varying elastance with radionuclide 
angiography and demonstrated a correlation of 
r = 0.67 between isochronal Ema slope values and 
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LV EF. Our data confirm this relatively weak linear 
correlation between the isochronal Ema: slope values 
and LV shortening characteristics. Other end-systo- 
lic P-V relations and indirect pressure-volume rela- 


tions also demonstrated weak linear correlations -- 


with LV EF. Interestingly, the (-)dP/dtPV rela- 
tions showed no significant correlation with LV EF, 
which is similar to the finding reported by McKay et 
al." This linear relationship, however, does not 
incorporate the lower LV EF values, as evidenced in 
our data by a y-axis intercept of 41%. When we used 
a more sophisticated mathematical data transforma- 
tion, the correlation coefficients between the iso- 
chronal Ene other end-systolic P-V and indirect 
P-V slope value relations and LV EFs improved 
significantly. Thus these data demonstrate in man 
that the slope values of various measures of LV 
contractile state and EF are not optimally describ- 
ed by a linear function, but rather are more close- 
ly approximated by a complex, curvilinear func- 
tion. 

There may be several possible explanations for 
these observations. First, there is a relatively wide 
range of LV contractile states within the normal LV 
EF range (50% to 75%). These data suggest that LV 
EF is a poor index of contractile state. Only when 
LV contractile state is severely depressed will a 
reduced EF be manifest. Conversely, when LV EF is 
within the normal range, LV contractile state may 
be depressed. This is not surprising, considering the 
load dependence of LV EF. Moreover, these data 
suggest that isochronal Ema and the other P-V 
relations may be more sensitive to alterations in LV 
contractile state than shortening characteristics. 
This has indeed been demonstrated in an intact 
animal preparation® and in a preliminary fashion in 
man.” Second, these observations may also be due in 
part to the variability of the radionuclide LV EF 
determinations within the normal range.™™ Third, 
this range of isochronal Ema slope values in normal 
subjects and in patients with cardiovascular disease 
processes may be due in part to the independent 


influence of heart size on these LV contractile ` 


measures.* 15.5 Jt therefore reinforces the suggestion 
by Sagawaê that for valid comparisons of LV con- 
tractile state to be made between patient groups 
methods must be identified to standardize these 
slope values, thereby minimizing their range and 
thus enabling depressed LV contractile states to be 
detected in individual patients. Methods of per- 
forming this standardization have been demonstrat- 
ed in animals* and in man by means of invasive 
techniques.° Thus measures of LV contractile state 
may be most useful in assessing patients with dis- 
ease processes such as mitral regurgitation, in 
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whom shortening characteristics may remain normal 
despite depressed LV contractile state because of 
favorable alterations in loading conditions. Finally, 
once slope values of the various measures of LV 
contractile state become severely depressed, the LV 
ejection fractions demonstrate a wide range of val- 
ues. This suggests that the reflex neurohumoral 
adjustments to LV contractile depression and their 
resultant effects on loading conditions may become 
increasingly important for establishing the absolute 
value of LV EF. 

Potential limitations of the present investigation _ 
should be considered. First, we assumed that a 
constant inotropic background existed during the 
three loading conditions. We observed no significant 
change in heart rate during the three loading condi- 
tions due to right atrial pacing. In contrast, we did 
observe an increase in (+)dP/dtmax during the 
methoxamine infusion compared to control. This 
may be due to the preload dependence of (+)dP/ 
dtmax.”! Nevertheless, since we did not automati- 
cally block our patients in this investigation, we 
cannot totally exclude minor alterations in auto- 
nomic tone, which may have affected the calculation 
of LV contractile state. Second, we assumed that the 


_ various measures of LV contractile state were linear 


over the range of loading conditions employed in 
this investigation. Although other investigators” ”’ 
have also assumed linearity, recent data**! have 
suggested that these relations may not be linear in 
the high LV pressure range and that they may 
become curvilinear in the subphysiologic LV pres- 
sure range. At least within the LV pressure range we 
employed in this investigation, the three P-V data 
points for each of the definitions of end systole 
demonstrated linearity. Third, although we demon- 
strated differences in the mean slope values for 
other more commonly defined measures of end 
systole and isochronal E,,,,, the relationship between 
the slope of these end-systolic P-V relations and LV 
EF was comparable to that for isochronal Ema. The 
one exception was the (—)dP/dtPV relations, which 
may be due in part to the difficulty in defining the 
exact timing of peak (—)dP/dt over the full range of 
loading conditions when the methods employed in 
this investigation are used. The definition of end 
systole may differ in patients with valvular heart 
disease compared to patients with other pathologic 
processes or normal subjects. It is important to note 
therefore that a number of our patients did have 
mitral and aortic regurgitation, and they were 
included in our patient population to establish this 
relationship. Finally, differences in the end-systolic 
and indirect P-V relation and Epa: slope values are 
probably multifactorial. Reasons for this may 
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include the methods of altering load, the presence of 
intact autonomic reflexes, or the effects of increased 
load on the slope of the P-V relationship. Never- 
theless, irrespective of the underlying pathologic 
process or the measure of LV contractile state, it 
appears that a characteristic, complex, curvilinear 
relationship exists between LV contractile state and 
shortening characteristics. ' . 

In conclusion, the relationship between LV con- 
tractile state and EF is probably not linear. Rather, 
measures of LV contractile state have a characteris- 
tic, complex, curvilinear relationship with EF. The 
end-systolic P-V relationship may therefore be most 
useful for detecting alterations in LV contractile 
state in patients who have otherwise preserved 
shortening characteristics such as mitral regurgita- 
tion,” i 


We appreciate the assistance of Sheila Squicciarini and the 
manuscript preparation by Diane Bauer, Peggy Avery, and 
Valerie Maier. 
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A breakthrough of unp: 


Your eye tells you its the smallest, 
thinnest, dual-chamber device ever made. 

But thats the DELIA Ts smallest 
breakthrough. 

Becz«s€ DELIA T is the pace- 
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= maker that 
may prove to 
be the most 
= reliable device ever 
made. All this, because of 
a difference of just two one-millionths 
of a meter. 

The difference is in the circuitry. 

Until now, pacemaker manufacturers 
have used five and eight micron scale 
circuitry. As you might suspect, three 
micron circuitry is smaller (by that invisible 
two one-millionths of a meter). But, as you 
might not know, the difference between 
five and three is not two. Its exponential: 
in identical spaces, a three micron scale 
circuit will accommodate 280% more 
functions than a five micron circuit. 






























This obviously means you can get 
far more into a three micron-based pace- 
maker. But the circuitry’s benefits go far 
beyond the obvious. 

What this means to your patients 
macemakers are among the earths 
most relia@BRxgvstems. Even the older 


~ X devices perfornM®yarkably well. Less 
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Nntly improves a device 


on a single chip. So CPI ny 


more functions on the chip, 


the discrete parts, the fewer the parts Bix 
can fail. Fewer parts also have a second 
important implication. One that seems 
so unbelievable, we've saved it until now. 

Its this devices longevity. 

By performing the accepted test for 
estimating a devices longevity, you'll find 
that the projected life of a DELTA T using 
CPIs porous tip leads—at nominal set- 
tings— can be an unprecedented 15 years. 

(In addition to the leads, the lithium 


power source also is improved, which 


DELIA T: CPI's DELTA T pulse generator may be used in most dual chamber (DDD, VDD, DVI) and single chamber modes. INDICATIONS: Indications for pacing include but are not limited te 
sinoatrial dysfunctions: intermittent or persistent second degree or complete atrioventricular block; certain symptomatic intraventricular conduction defects; carotid sinus syndrome; other symptomatic brady 
arrhythmias; and certain reentrant tachycardias which can be suppressed by dual chamber sequential pacing CONTRAINDICATIONS: There are ne known contraindications to the use of pacemaker 
as a therapy for controlling heart rate, and pacing is widely used for controlling bradycardia. The DDD and VDD modes may be contraindicated in patients with chronic atrial tachycardias (fibrillation o 
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Ids to this remarkable longevity. 


What it means to you. 


e 
proportions. 
) gramming. This allows you to evaluate 
alternative therapeutic settings without 


The DELTA T employs CPIs unique losing your permanent programmed values. 


{aptive sensing in both the atrium and 


For programming, the device uses 


the CPI Model 2035 





ntricle. The device literally 
{apts to either unipolar or bipolar 
'nsing automatically. (It paces 
nipolar, to ensure a more visible 


CG tracing.) 








Programmer—a light, 
handheld, battery- 
powered and exceptionally 
easy-to-use device. It lets 
you one-touch program 


more than 3 billion 











J therapy combinations. 








ryopotentials And EMI. 

In additfn, this device incorporates 
ares most often requested in 

oday’s pacemakers. 

It offers autothreshold test, to accu- 
ately and automatically assess the energy 
eeded for A and V pacing. By deter- 
nining the minimum energy needed for 
apture, you can determine the appropriate 
afety margins and program energy set- 
Teset Will maximize the devices 

It ofters ers to 
id diagnosis, by identifying both paced 
nd sensed events, refractory periods, 
oise windows and ventricular blanking 
eriods. Using them in combination with 

surface ECG guarantees the most accu- 
ate possible diagnosis. 

And DELIA T offers temporary pro- 


Not surprisingly, all these improve- 
ments inspired us to improve something 
else: the warranty. 

Its 8 years, when used with CPI 
porous tip leads. 

This device represents the next major 
step in CPIs commitment to offering you 
the industry's most inpsfative devices. 

In coming month<“we'll announce other 
innovationgg@t offer more diagnostic 
powa you. And offer greater therapeu- 
enefits to your patients. 

If you'd like more information, 
contact your CPI representative or call us 
directly at 1-800-CARDIAC. 

We'll be happy to tell you more 
about this almost invisible improvement 
that has visibly improved the 
modern pacemaker. Gey) 
Innovations in Cardiac Rhythm Management” 








itter) or in the presence of slow retrograde conduction that cannot be controlled by increasing the atrial refractory period. PRECAUTIONS: Refer to the DELTA T Physician's Manual for specific 
zcautions as well as for the effects of special home, hospital and occupational environmental factors on the pulse generator. POSSIBLE COMPLICATIONS: Potential side effects or complications of 
se generators include but are not limited to body rejection phenomena; infection; local tissue reaction; erosion through the skin; muscle and nerve stimulation; pulse generator migration; hematoma; 
insvenous lead-related thrombosis; cardiac tamponade; histotaxic reaction and pacemaker-mediated tachycardia due to retrograde conduction. 
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In the unpredictable world of angina, 
there is an antianginal 
you can count on... 


_ 24 HOURS A DAY 
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Angina attacks can occur any time: in the 
early morning hours, upon awakening; in 
the evening; or at any time during the day, 
triggered by exertion. 


Of course, no one plans an angina attack. 
But protection can be planned. 


CORGARD (nadolol tablets), with just a 
single daily dose, provides clinically proven, 
24-hour protection for your patients. 


(nadolol tablets) 


Please see brief summary on the adjacent page 
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(nadolol tablets) 
24-hour protection...because no time is a good time for angina 


CORGARD* TABLETS 
Nadolol Tablets USP 


DESCRIPTION: CORGARD (nadolol) is a synthetic nonselective beta-adrenergic receptor 
blocking agent. 

CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first degree 
conduction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 
WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vital component supporting 
circulatory function in congestive heart failure, and its inhibition by beta-blockade may precipi- 
tate more severe failure. Although beta-blockers should be avoided in overt congestive heart 
failure, if necessary, they can be used with caution in patients with a history of failure who are 
well-compensated, usually with digitalis and diuretics. Beta-adrenergic blocking agents do 
not abolish the inotropic action of digitalis on heart muscle. IN PATIENTS WITHOUT A HISTORY 
OF HEART FAILURE, continued use of beta-blockers can, in some cases, lead to cardiac failure; 
therefore, at first sign or symptom of heart failure, digitalize and/or give diuretics, and closely 
observe response, or discontinue nadolol (gradually if possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal— 
Hypersensitivity to catecholamines has been observed in patients withdrawn from 
beta-blocker therapy; exacerbation of angina and, in some cases, myocardial infarction 
have occurred after abrupt discontinuation of such therapy. When discontinuing 
chronic use of nadolol, particularly in patients with ischemic heart disease, gradually 
reduce dosage over a 1- to 2- week period and carefully monitor the patient. Reinstitute 


nadolol promptly (at least temporarily) and take other measures appropriate for 
management of unstable angina if angina markedly worsens or acute coronary 
insufficiency develops. Warn patients not to interrupt or discontinue therapy without 
Physician's advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even in 
patients treated only for hypertension. 





Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema)—PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. 
Administer nadolol with caution since it may block bronchodilation produced by endogenous 
or exogenous catecholamine stimulation of beta receptors. 

Major Surgery—Because beta blockade impairs the ability of the heart to respond to reflex 
stimuli and may increase risks of general anesthesia and surgical procedures, resulting in 
protracted hypotension or low cardiac output, it has generally been suggested that such therapy 
should be withdrawn several days prior to surgery. Recognition of the increased sensitivity to 
catecholamines of patients recently withdrawn from beta-blocker therapy, however, has made 
this recommendation controversial. If possible, withdraw beta-blockers well before surgery 
takes place. In emergency surgery, inform the anesthesiologist that the patient is on beta- 
blocker therapy. Use of beta-receptor agonists such as isoproterenol, dopamine, dobutamine, 
or levarterenol can reverse the effects of nadolol. Difficulty in restarting and maintaining the 
heart beat has also been reported with beta-adrenergic receptor blocking agents. 


Diabetes and Hypoglycemia—Beta-adrenergic blockade may prevent the appearance of 
Premonitory signs and symptoms (e.g., tachycardia and blood pressure changes) of acute 
hypoglycemia. This is especially important with labile diabetics. Beta-blockade also reduces 
release of insulin in response to hyperglycemia; therefore, it may be necessary to adjust dose of 
antidiabetic drugs. 

Thyrotoxicosis—Beta-adrenergic blockade may mask certain clinical signs (e.g., tachycardia) 
of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic blockade which might 
precipitate a thyroid storm, carefully manage patients suspected of developing thyrotoxicosis. 
PRECAUTIONS: Impaired Renal Function—Use nadolol with caution (see DOSAGE AND 
ADMINISTRATION section of package insert). 

Information for Patients—Warn patients, especially those with evidence of coronary artery 
insufficiency, against interruption or discontinuation of nadolol without physician's advice. 
Although cardiac failure rarely occurs in properly selected patients, advise patients being treated 
with beta-adrenergic blocking agents to consult physician at first sign of impending failure. 
Advise patients in event of missed doses. 

Drug Interactions—Concurrent administration may result in interactions with: Anesthetics, 
general—exaggeration of the hypotension induced by general anesthetics (see WARNINGS, 
Major Surgery). Antidiabetic drugs (oral agents and insulin)—hypoglycemia or hyperglycemia; 
adjust antidiabetic drug dosage accordingly (see WARNINGS, Diabetes and Hypoglycemia). 
Catecholamine-depleting drugs (e.g., reserpine)—additive effect; monitor closely for hypotension 
and/or excessive bradycardia. 

Carcinogenesis, Mutagenesis, Impairment of Fertility—in 1 to 2 year oral toxicologic 
studies in mice, rats, and dogs, nadolol did not produce significant toxic effects. In 2-year oral 
carcinogenic studies in rats and mice, nadolol did not produce neoplastic, preneoplastic, or 
nonneoplastic pathologic lesions. 

Pregnancy Category C—in animal reproduction studies with nadolol, evidence of embryo- 
and fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times greater 
(on a mg/kg basis) than maximum indicated human dose; no terategenic potential was seen in 
any of these species. There are no well-controlled studies in pregnant women; therefore, use 
nadolol in pregnant women only if potential benefit justifies potential risk to the fetus. Neonates 
of mothers who received nadolol at parturition have exhibited bradycardia, hypoglycemia and 
associated symptoms. 


© 1988 E.R. Squibb & Sons, Inc., Princeton, NJ 
40A 


Nursing Mothers—Nadolol is excreted in human milk. Exercise caution when nadolol is 
administered to a nursing woman. 

Pediatric Use—Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects have been mild and transient and have rarely 
required nadolol withdrawal. 

Cardiovascular—Bradycardia with heart rates of less than 60 beats per minute occurs 
commonly, and heart rates below 40 beats per minute and/or symptomatic bradycardia were 
seen in about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually of the 
Raynaud type, have occurred in approximately 2 of 100 patients. Cardiac failure, hypotension, 
and rhythm/conduction disturbances have each occurred in about 1 of 100 patients. Single 
instances of first degree and third degree heart block have been reported; intensification of AV 
block is a known effect of beta-blockers (see also CONTRAINDICATIONS, WARNINGS, and 
PRECAUTIONS). Central Nervous System—Dizziness or fatigue reported in approximately 2 
of 100 patients; paresthesias, sedation, and change in behavior reported in approximately 6 of 
1000 patients. Respiratory—Bronchospasm reported in approximately 1 of 1000 patients (see 
CONTRAINDICATIONS and WARNINGS). Gastrointestinal—Nausea, diarrhea, abdominal 
discomfort, constipation, vomiting, indigestion, anorexia, bloating, and flatulence each reported 
in 1 to 5 of 1000 patients. Miscellaneous—Each of the following reported in 1 to 5 of 1000 
patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or decreased libido; 
facial swelling; weight gain; slurred speech; cough; nasal stuffiness; sweating; tinnitus; blurred 
vision; infrequent reversible alopecia. 

The following adverse reactions have been reported in patients taking nadolol and/or other 
beta-adrenergic blocking agents, but no causal relationship to nadolol has been established. 
Central Nervous System—reversible mental depression progressing to catatonia; visual dis- 
turbances; hallucinations; an acute reversible syndrome characterized by disorientation for 
time and place; short-term memory loss, emotional lability with slightly clouded sensorium; 
decreased performance on neuropsychometrics. Gastrointestinal—mesenteric arterial throm- 
bosis; ischemic colitis; elevated liver enzymes. Hematologic—agranulocytosis; thrombocyto- 
penic or nonthrombocytopenic purpura. Allergic—fever combined with aching and sore throat; 
laryngospasm; respiratory distress. Miscellaneous—pemphigoid rash; hypertensive reaction 
in patients with pheochromocytoma; sleep disturbances; Peyronie's disease. The oculomuco- 
cutaneous syndrome associated with practolol has not been reported with nadolol. 
OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis, In addition 
to gastric lavage, employ the following measures as appropriate. In determining duration of 
corrective therapy, take note of long duration of effect of nadolol. 

Excessive Bradycardia—Administer atropine (0.25 to 1.0 mg). If there is no response to 
vagal blockade, administer isoproterenol cautiously. 

Cardiac Failure—Administer a digitalis glycoside and diuretic. It has been reported that 
glucagon may also be useful in this situation. 

Hypotension—Administer vasopressors, e.g., epinephrine or levarterenol. (There is evidence 
that epinephrine may be the drug of choice.) 

Bronchospasm—Administer a beta,-stimulating agent and/or a theophylline derivative. 
DOSAGE—For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd; may be gradually increased in 40 to 80mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing of the 
heart rate; usual maintenance dose is 40 or 80 mg qd (doses up to 160 or 240 mg daily 
may be needed). If treatment is to be discontinued, reduce dosage gradually over a period of 
1 to 2 weeks (see WARNINGS). 

For hypertension, usual initial dose is 40 mg qd; gradually increase in 40 to 80 mg incre- 
ments until optimum blood pressure reduction is achieved; usual maintenance dose is 40 or 
80 mg qd (doses up to 240 or 320 mg daily may be needed). 

Patients with renal failure require adjustment in dosing interval; see package insert for dosage 
in these patients. 

For full prescribing information consult package insert. 

HOW SUPPLIED: In scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per tablet in 
bottles of 100. The 40 mg, 80 mg, and 120 mg tablets are available in bottles of 1000 tablets. The 
20 mg, 40 mg, and 80 mg tablets are also available in Unimatic® unit-dose packs of 100 tablets. 

(J4-156) 
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Regional coronary hemodynamic effects of 


diltiazem in man 


We evaluated the changes in regional coronary hemodynamics induced by diltiazem, 0.25 mg/kg 
intravenously, in nine patients with 75% to 90% diameter stenosis of the left anterior descending 
coronary artery (LAD) (group 1) and in 10 patients with 100% occlusion of the LAD and 
collaterals to the distal LAD (group 2). Although diltiazem induced similar changes in systemic 
hemodynamics in the two groups, a decrease in anterior coronary vascular resistance (ACVR) 
and an increase in great cardiac vein flow (GCVF) were observed after administration of diltiazem 
in all patients in group 1 but in only 6 of 10 patients in group 2 (subgroup 2B). ACVR increased 
and GCVF decreased after administration of diltiazem in 4 of 10 patients in group 2 (subgroup 
2A). Clinicoangiographic characteristics, origin of collaterals, and diltiazem-induced changes in 
systemic hemodynamics were similar in subgroups 2A and 2B. Thus diltiazem increases coronary 
flow distal to a stenotic coronary artery but can decrease regional coronary flow and increase 
regional corenary resistance in a minority of patients with an occluded coronary artery supplied 
by collaterals, probably through a steal mechanism. (Am Heart J 1988;116:799.) 


Carlo Vigorito, MD, Arturo Giordano, MD, Lorenzo De Caprio, MD, 
Vincenzo Canonico, MD, Paolo Ferraro, MD, Nicola Farese, MD, Paolo Silvestri, MD, 
Maurizio Catanzaro, MD, and Franco Rengo, MD. Naples, Italy 


Diltiazem is a relatively new calcium antagonist 
drug that has been used successfully in the treat- 
ment of stable effort or spontaneous angina.'? Its 
beneficial effects on myocardial ischemia are the 


result of a decrease in the myocardial metabolic - 


requirements through its favorable effects on sys- 
temic hemodynamics’ or an increased oxygen supply 
to the ischemic myocardium through an increase in 
coronary blood flow.‘ The coronary vasodilator 
effect of diltiazem, first shown in experimental 
animals,’ has been also confirmed in human studies 
by means of global coronary flow measurements.*® 
However, little is known of the regional changes in 
coronary circulation induced by diltiazem, particu- 
larly in patients with coronary artery disease. 
Although diltiazem is able to increase coronary flow 
in myocardial areas supplied by normal coronary 
arteries,’ it remains controversial whether this vaso- 
dilator effect is maintained in myocardial areas 
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supplied by stenotic or occluded coronaries and 
whether it is affected by the presence of collateral 
circulation. eo 

In this report we present the results of an investi- 
gation on the effects of diltiazem on regional coro- 
nary hemodynamics in patients with coronary artery . 
disease; patients were subdivided into two groups: 
according to the severity of coronary artery obstruc-. 
tion and the presence or absence of collateral circu- 
lation. 


METHODS 


Study population. The study population comprised 19 
patients undergoing diagnostic cardiac catheterization for 


-a variety of anginal symptoms; all had significant (>75%) 


stenosis of the left anterior descending coronary artery 
(LAD). Table I shows the pertinent clinicoangiographic 
findings of these patients who were subdivided into two 
groups; group 1 included nine patients with 75% to 90% 
stenosis but no occlusion and no collaterals to the LAD; 
group 2 included 10 patients with LADs that were 100% 
occluded and filled by collaterals distal to the occlusion. 
Apart from the severity of LAD stenosis, the two groups 
were comparable in age, clinical presentation, history of 
myocardial infarction, involvement of other coronary ves- 
sels, and left ventricular function. Patients with left 
ventricular ejection fractions less than 40%, atrioventric- 
ular block, or bundle branch block were excluded from the 
study. All patients were in sinus rhythm. The study was 
approved by the Ethical Committee for Human Research 
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Fig. 1. Percentage changes in ACVR after intravenous 
diltiazem in patients with 75% to 90% stenosis of LAD 
(group 1) and in patients with occluded LAD filled by 
collaterals (group 2). (See text for fúrther details.) 


at our institution, and all patients gave informed con- 
sent. l 

Study protocol. After completion of the diagnostic 
angiographic study, a Wilton Webster coronary thermodi- 
lution catheter (Webster Labs, Altadena, Calif.) was 
advanced into the coronary sinus, and its distal tip was 
positioned well inside the great cardiac vein upstream tc 
the confluence of the more proximal marginal vein into 
the coronary sinus. The great cardiac vein is known to 
drain primarily the blood from the anterior myocardial 
region dependent from the LAD.’ The position of the 
thermodilution catheter in the coronary sinus was checked 
by frequent fluoroscopy and by injection of 1 to 2 ml 
- contrast medium; the position was maintained constant 
throughout the study by reference to thoracic and spinal 
landmarks. ; . 

An 8 French Hemaquet (Bard Ine., Billerica, Mass.) was 
introduced into the exposed right brachial artery, and its 
lateral extension was connected with a Statham P23 Id 
transducer for monitoring of arterial pressure. A 7.5 
French Sones catheter was then introduced into the 
Hemaquet sleeve and advanced into the left ventricle for 
monitoring of left ventricular systolic and end-diastolic 
pressures. At least 15 minutes was allowed to elapse after 
the last diagnostic coronary arteriogram before baseline 
coronary and systemic hemodynamic measurements were 
performed. Previous animal? and human studies” have 
shown that coronary and systemic hemodynamics return 
completely to baseline within this time interval. At this 
time, baseline great cardiac vein blood flow (GCVF) was 
measured by the thermodilution technique"; 60 cc of 
normal saline solution was infused into the distal great 
_ cardiac vein at a constant speed of 1 cc/sec through a Sage 
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Table l. Clinical and angiographic data of study popula- 
tion 








Group 1 Group 2 
Data (n= 9) (n = 10) P Value 
Age (yr) 56 + 3 5441 NS 
Male sex 8/9 (89%) 9/10 (90%) NS 
Old MI 1/9 (11%) 5/10 (50%) NS 
(anterior) : 
Old MI 3/9 (33%) 0/10 (0%) NS 
(inferior) 
Effort 5/9 (55%) 7/10 (70%) NS 
angina 
Mean % stenosis 
LAD sl +3 100 + 0 0.001 
RCA 53 + 14 69 + 12 NS 
CX 64 + 14 53 + 15 NS 
Multivessel 7/9 (78%) _ 7/10 (70%) NS 
CAD 
LVEF (%) 64+ 3 525 NS 
LVWM 2.2 + 1 3.8 + 0.8 NS 
score 
LVEDP 14.7 +3 14.8 +4 NS 
(mm Hg) 





CAD = Coronary artery disease; Cx = circumflex coronary artery; 
LAD = left anterior descending artery; LVEDP = left ventricular end- 
diastolic pressure; LVEF = left ventricular ejection fraction; LVWM = left 
ventricular wall motion; MI = myocardial infarction; RCA = right coro- 
nary artery; NS = not significant. 


model 355 infusion pump (Orion Research Inc., Cam- 
bridge, Mass.). Thermistor signals, together with an ECG 
lead and arterial and left ventricular pressure, were 
recorded on a OTE EP12 multichannel photographic 
recorder. After baseline hemodynamic values were 
obtained, patients were given intravenous diltiazem, 0.25 
mg/kg, 5 minutes later. All hemodynamic measurenients 
were repeated after 3 minutes. No complaints or compli- 
cations were observed after administration of diltiazem. 

- Calculations. GCVF was calculated by. the follow- 
ing formula: GCVF = 60 x 1.08 x (Tb — Ti/Tb — Tm)-1, 
where Tb, Ti, and Tm are the temperatures of blood, 
saline injectate, and blood injectate mixtures, respective- 
ly, 60 is the injectate flow rate, and 1.08 is a constant 
accounting of the different densities of blood and saline 
solution." 

Before the study, the reproducibility of the thermodilu- 
tion measurements of coronary blood flow in our laborato- 
ry had been assessed by comparing two consecutive flow 
measurements in each of 22 patients with or without 
coronary artery disease. The value of flow obtained during 
the first measurement was plotted against the second 
value obtained during the second measurement, and linear 
regression analysis was then performed. The mean value 
of coronary blood flow in the two groups was 140 + 11 and 
138 + 10 ml/min, respectively; the correlation coefficient 
(r), the slope (b) + 1 standard deviation; and the residual 
error around the regression line (RE) were: r = 0.98, 
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Table ll. Effects of diltiazem on regional coronary and systemic hemodynamics 

















. RPP ACVR 
MAP, HR (SAP x HR x LVEDP GCVF (mm Hg/mi/ 
(mm Hg) (beats/min) _ 107) (mm Hg) (ml/min) min) 
Patient No. B D B D B D B D B D B D 
Group 1 
1 97 74 70 70 105 78.4 — — 93 106 1.04 0.7 
2 105 69 80 95 125 95 5 6 67 99 1.56 0.7 
3 107 88 56 56 98 82 15 15 64 71 1.67 1.24 
4 121 99 88 98 141 147 12 10 101 115 1.2 0.87 
5 142 90 64 60 125 86 28 18 39 45 3.6 3.0 
6 89 78 66 70 82.5 77 8 8 91 92 0.97 0.84 
7 95 79 72 83 97 95.5 — — 57 51 1.7 1.5 
8 93 85 76 89 95 107 17 10 85 122 1.09 0.7 
9 106 92 70 79 112 Iii 18 19 60 65 1.76 1.4 
Mean + 106 84 71 78 111 97 15 12 73 85 1.6 1.1 
SEM 5.5 3.2 3.1 4.9 7.8 7.4 2.8 1.9 6.8 9.3 0.26 0.15 
p< 0.001 0.02 NS 0.05 0.01 
Group 2 
1 87 72 60 66 78 69.3 10 9 84 59 1.03 1.22 
2 112 102 87 100 132 136 _ — 80 86 1.4 1.18 
3 93 80 68 68 95 81.6 — — 75 40 1.3 2.0 
4 97 83 82 94 126 120 28 ~ 22 68 74 1.42 1.12 
5 109 85 64 72 97 83 10 10 95 54 1.15 1.57 
6 120 100 76 80 122 112 — — 65 61 1.85 1.68 
7 96 85 90 84 121 103 3 12 76 84 1.26 1.01 
8 101 85 T4 TA 104 94 — — 76 92 1.33 0.94 
9 132 118 99 91 101 150 26 20 134 119 0.98 0.99 
10 103 78 58 68 92 80 12 11 34 48 3.0 1.6 
Mean+ 105 89 76 80 116 103 15 14 79 72 1.47 1.32 
SEM 4.3 4.3 4.3 3.8 10 8.4 4 2.2 73 7.5 0.18 0.11 
p< 0.001 NS 0.005 : NS NS NS 











ACVR = Anterior coronary vascular resistance; B = baseline; D = diltiazem; GCVF = great cardiac vein flow; LVEDP = left ventricular end-diastolic 
pressure; HR = heart rate; MAP = mean arterial pressure; RPP = rate-pressure product; SAP = systolic arterial pressure; NS = not significant. 


b = 0.927 + 0.036, and RE = 10.1. These data demon- 
strated the good reproducibility of the method. Anterior 
coronary vascular resistance (ACVR) was calculated by 
the formula: ACVR = Mean arterial pressure/GCVF. 
Heart rate was calculated from the ECG R-R interval. 

Angiographic evaluation. Left ventriculography was 
performed in the right anterior oblique projection, and left 
ventricular wall motion was analyzed by qualitatively 
subdividing the left ventricular silhouette into the follow- 
ing segments: anterobasal, anterolateral, apical, diaphrag- 
matic, and posterobasal. Left ventricular contraction 
asynergy was assessed by the criteria of Herman et al.,” 
and a total left ventricular motion score was constructed 
by adding the individual segmental motion scores 
assigned as follows: hypokinesia = 1, akinesia = 2, dyski- 
nesia = 3, and aneurysm = 4. Coronary collaterals were 
evaluated in multiple projections and were given a score of 
0 to 2 according to their angiographic appearance, as 
previously described.¥ 

Statistical analysis. Statistical analysis was performed 
by the Stuent’s £ test for paired samples and by the 
chi-square test. 


RESULTS 


Table II shows the values for hemodynamic 
parameters measured before and after diltiazem in 
the two groups. In both groups diltiazem produced a 
significant decrease in mean arterial pressure that 
was associated in group 1 with a small but signifi- 
cant increase in heart rate and in group 2 with a 
similar increase in heart rate; however, the increase 
was not statistically significant. In both groups a 
significant decrease in rate-pressure product was 
observed without a significant change in left ventric- 
ular end-diastolic pressure. Important differences 
were observed between the two groups with regard 
to the response of regional coronary hemodynamics 
to diltiazem: in group 1 GCVF increased (73 + 7 to 
85 +9 ml/min; p <0.05) and ACVR decreased 
(1.6 + 0.3 to 1.1 + 0.2 mm Hg/ml/min; p < 0.01), 
whereas in group 2 no significant changes were 
observed in the average GCVF and ACVR after 
diltiazem. 
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Fig. 2. Mean percentage changes in systolic (SAP), diastolic (DAP), and mean (MAP) arterial pressure, 
heart rate (HR), and rate-pressure product (RPP) after intravenous diltiazem in subgroups 2A and 2B. 


(See text for further details.) 


Individual changes in ACVR after diltiazem in the 
two groups are shown in Fig. 1. In all patients in 
group 1 ACVR decreased after diltiazem, in 4 of 10 
patients in group 2 (Nos. 1, 3, 5, and 9) ACVR 
increased (subgroup 2a), and in six patients ACVR 
decreased (subgroup 2B) after diltiazem. The mean 
percentage of decrease in ACVR in group 1 was 
significantly higher than that in group 2 (p < 0.005). 
The four patients in group 2 showing an increase in 
AVCR after diltiazem also had a decrease in GCVF 
after the drug (mean decrease: 24 + 6 ml), whereas 
the six patients in group 2 showing a decrease in 
ACVR after diltiazem and eight of the nine patients 
in group 1 responded to diltiazem with an increase in 
GCVE. i 

There were no significant differences between 
patients in groups 2A and 2B with regard to the 
average change in arterial pressure, heart rate, and 
rate-pressure product after dilitazem (Fig. 2). In 
addition, left ventricular end-diastolic pressure was 
not significantly changed in either subgroup. Sub- 
groups 2A and 2B were also similar in clinical and 
angiographic presentation (Table III). Specifically, 
there were no differences between these two sub- 
goups in the origin of collaterals to the LAD, 
whether or not they were proximal or distal to 
stenosis of the right or circumflex coronary artery. 


DISCUSSION 


Several studies that used total coronary blood 
flow measurements have shown that dilitazem 


decreases total coronary vascular resistance in 
patients with coronary artery disease, with*® or 
without" increasing total coronary blood flow 
according to the dose of diltiazem given, the fall in 
arterial pressure obtained, and the timing of mea- 
surements after administration of diltiazem. Howev- 
er, in patients with coronary artery disease, mea- 
surement of total coronary sinus blood flow does not 
provide a reliable estimate of regional coronary 
hemodynamics distal to stenosed coronary arteries, 
because regional changes may be confounded by 
directionally opposite changes distal to normal coro- 
nary arteries. Therefore regional coronary hemody- 
namic changes must be evaluated to better under- 
stand the mechanism(s) underlying the beneficial 
effect of this drug on myocardial ischemia. 
However, few studies have evaluated the regional 
coronary hemodynamic effect of diltiazem.” °° De 
Servi et al. did not find any significant changes in 
ACVR and GCVF after diltiazem, 0.25 mg/kg intra- 
venously, was given to 12 patients with significant 
LAD stenosis. Serruys et al.” found no change in 
GCVF but a significant reduction in ACVR after 
diltiazem, 0.5 mg/kg intravenously, was given to 10 
patients with coronary artery disease. After diltia- 
zem, 0.25 mg/kg intravenously, was given to 11 
patients with coronary artery disease, Joyal et al.’ 
found no change in regional coronary blood flow in 
five normally perfused areas and in 7 of 14 areas 
perfused by stenotic coronary arteries. They also 
found a decrease in regional flow in one myocardial 
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area supplied from a stenotic coronary artery. 
Daniel et al.’ found an increase in regional coronary 
blood flow in poststenotic areas after a 10 to 20 mg 
intravenous bolus injection of diltiazem. However, 
no data were available in these studies to correlate 
the diltiazem-induced changes in regional coronary 
hemodynamics with the severity of stenosis of the 
coronary artery supplying the myocardial region of 
interest and with the presence or absence of collat- 
erals. Although these data point out that diltiazem 
can indeed induce regional coronary vasodilatation 
both in normally perfused myocardium and in myo- 
cardium with a potentially abnormal coronary blood 
supply, it is still uncertain whether and to what 
extent this regional coronary vasodilatation can be 
influenced by the anatomic severity of the stenosis 
of the coronary artery supplying the area of the 


myocardium at risk. In particular, little is known — 


about the acute effects of diltiazem on coronary 
blood flow to myocardial areas supplied by occluded 
but collateralized coronary arteries. 

In the present study we found that diltiazem 
increased GCVF and decreased ACVR in eight of 
nine patients with significant stenosis but no occlu- 
sion of the LAD. In only one patient was the 
diltiazem-induced decrease in ACVR associated 
with a slight decrease in flow to the anterior myocar- 
dial region, probably because of a considerable 
decrease in the mean arterial pressure of this 
patient. These data indicate that diltiazem consis- 
tently increases blood flow to the myocardial areas 
supplied by stenotic but not occluded coronary 
arteries. This difference from previous studies that 
failed to show a diltiazem-induced increase in 
regional coronary blood flow may have been 
dependent on earlier measurements of GCVF after 
administration of diltiazem in our study or to the 
lack of subdivision of the study population accord- 
ing to the angiographic severity of LAD obstruction. 
On the other hand, our results agree with prelimi- 
nary observations of a diltiazem-induced increase in 
regional coronary flow in poststenotic areas of 
patients with coronary artery disease.” 18 We cannot 
comment on whether the site of the coronary vaso- 
dilator effect of diltiazem was proximal or distal, 
since we did not obtain quantitative angiographic 
measurements. However, inasmuch as diltiazem has 
not been shown to have the ability to dilate proximal 
conductance coronary arteries or diameter of steno- 
sis,” it is likely that the vasodilator effect of diltia- 
zem was primarily localized to the peripheral arteri- 
olar vessels that were probably not maximally di- 
lated in the resting state and therefore unable to 
respond to pharmacologic vasodilator stimuli. 
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Table IH. Clinical and angiographic data of patients in 
group 2 





Subgroup 2A Subgroup 2B 





Data (n = 4) (n = 6) p Value 

Age (yr) 55 + 5 5442 NS 
Male sex 3/4 (75%) 6/6 (100%) NS 
Old MI 2/4 (50%) 3/6 (50%) NS 
Effort angina 2/4 (50%) 5/6 (84%) NS 
Multivessel CAD 3/4 (75%) 4/6 (66%) NS 
Collaterals 

“Jeopardized” 0/4 (0%) 2/6 (33%) NS 

Average grading 2.5 + 0.6 2.7 + 0.5 NS 
LVEF (%) 5445 51 +7 NS 
LVWM score 3.75 + 1.9 3.83 + 0.7 NS 
LVEDP (mm Hg) 15345 143 +7 NS 





CAD = Coronary artery disease; LVEF = left ventricular ejection fraction; 
LVWM = left ventricular wall motion; LVEDP = left ventricular end- 
diastolic pressure; MI = myocardial infarction; NS = not significant. 


The regional coronary hemodynamic effects of 
diltiazem in patients with occluded and collateral- 
ized LADs (group 2) are more intriguing. In a subset 
of this population (subgroup 2B) diltiazem induced 
an increase in GCVF and a decrease in ACVR 
similar to those in group 1. As in group 1, this 
response must involve an arteriolar dilatation distal 
to the occlusion, an increase in collateral blood flow 
to the occluded LAD, or both. This last explanation 
is in agreement with results of experimental and 
clinical studies showing a diltiazem-induced poten- 
tiation of collateral blood flow.* ” 

It is more difficult to explain the behavior of the 
regional coronary hemodynamics in subgroup 2A, 
which showed a decrease in GCVF and an increase 
in ACVR after diltiazem. These patients were simi- 
lar to those in subgroup 2B with regard to clinical 
presentation, angiographic distribution, severity of 
coronary stenosis, and left ventricular function. No 
differences were present between the two subgroups 
in the origin of collaterals (in each instance from the 
tight coronary artery) or in the presence of right 
coronary stenosis or its location relative to the origin 
of the collaterals (Table III). 

Similarly there were no differences in the system- 
ic hemodynamic response to diltiazem (Fig. 2). In 
particular, because patients in subgroups 2A and 2B 
showed similar percentages of decrease in mean 
arterial pressure, it is unlikely that a more marked 
decrease in coronary perfusion pressure might have 
been responsible for the different response of 
regional coronary hemodynamics in these two sub- 
groups. In addition, because similar decreases in 
rate-pressure product and left ventricular end- 
diastolic pressure were observed after diltiazem in 
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the two subgroups, changes in myocardial metabolic 
requirements or in extravascular coronary resistance 
are also an unlikely explanation for the different 
responses to diltiazem of regional coronary hemody- 
namics in these two subgroups. 

Therefore we can hypothesize that in patients 
with occluded LADs and collaterals the decrease in 
GCVF and the increase in ACVR after diltiazem are 
the results of peripheral arteriolar coronary vasodi- 
latation in adjacent myocardial regions that over- 
comes the peripheral vasodilatation in the anterior 


myocardial region and leads to a diversion of collat- ° 


eral blood flow from the myocardium supplied by 
the occluded LAD.” This mechanism has been 
noted to occur with a systemic vasodilator such as 
nitroprusside” acting primarily on peripheral coro- 
nary arteriolar vessels and has also been hypothe- 
sized to occur during treatment with nifedipine, 
which has occasionally been associated with worsen- 
ing of anginal symptoms*” or impairment of exer- 
cise performance.” In agreement with our findings, 
these paradoxic negative effects of nifedipine have 
been associated with the presence of occluded coro- 
nary arteries supplied by collateral circulation.” 
Therefore the presence of this angiographic pattern 
appears to set the stage for the occasional develop- 
ment of untoward coronary hemodynamic and clini- 
cal responses to coronary vasodilators acting primar- 
ily on peripheral arteriolar vessels. The present 
study also supports the concept that diltiazem given 
intravenously may induce such a negative coronary 
hemodynamic response in a small proportion of 
patients with coronary occlusion and collaterals, a 
point that had not been raised previously. 

In our study, however, because the negative 
regional coronary hemodynamic effect of diltiazem 
was observed after an intravenous bolus injection of 
the drug, which is associated with a sudden and 
marked decrease in arterial blood pressure, the 
clinical relevance of this observation is uncertain. In 
particular the results of this short-term study can- 
not be extrapolated to the long-term oral adminis- 
tration of diltiazem, which generally induces only 
minor decreases in arterial pressure in patients with 
coronary artery disease.*'** Although a significant 
decrease in arterial pressure with relatively large 
oral doses of diltiazem has occasionally been 
described? * and intravenous diltiazem is also being 


used with increasing frequency in the treatment of - 


acute myocardial ischemia, supraventricular 
tachyarrhythmias,® or hypertensive emergencies,” 
the adverse clinical effects of diltiazem have not yet 
been reported. However, the possibility of a diltia- 
zem-induced decrease in regional coronary blood 
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flow with resultant myocardial ischemia in patients 
with coronary occlusions and collaterals cannot be 
ruled out completely when diltiazem is given in large 
oral or intravenous doses. Further studies are 
required to clarify whether the results of our obser- 
vation might have practical implications and wheth- 
er the diltiazem-induced steal phenomenon that we 
have described may provoke myocardial ischemia in 
the clinical setting. 

We conclude that diltiazem is a powerful periph- 
eral coronary vasodilator and has the ability to 
increase regional flow in poststenotic myocardial 
areas and in the majority of myocardial areas sup- 
plied by occluded but collateralized coronary arter- 
ies. However, in a substantial proportion of patients 
with this latter condition, intravenous diltiazem 
may produce a decrease in regional blood flow to the 
occluded coronary artery and an increase in regional 
coronary vascular resistance probably by a steal 
mechanism. Our results suggest that caution should 
be exercised when administering diltiazem by. the 
intravenous route to patients with occluded coro- 
nary arteries filled by collaterals as those found in 
our study. 
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Reduction of systolic coronary blood flow in 
experimental left ventricular outflow tract 


obstruction 


In aortic valvular stenosis, coronary reserve has been shown to be markedly diminished despite 
normal coronary arteries. To gain further insight into this phenomenon, we examined the effects 
of an acute subaortic valvular obstruction on coronary biood flow (CBF) in seven open-chest 
anesthetized dogs. Transient subaortic obstruction was produced by inflating a catheter-tip 
balloon in the left ventricular (LV) outflow tract. The degree of obstruction, a 26 + 3 mm Hg 
gradient across the aortic valve, was adjusted to achieve an elevation of LV pressure while 
maintaining a constant aortic pressure (coronary perfusion pressure). In seven dogs with intact 
coronary vasomotor tone, systolic left anterior descending CBF decreased from 20 + 9 ml/min 
during the control period to 13 + 3 ml/min during subaortic obstruction (p < 0.001). Diastolic 
CBF increased from 52 + 9 to 58 + 10 ml/min (p < 0.05), and total CBF remained unchanged. In 
three dogs with maximal coronary vasodilation, systolic CBF decreased during subaortic 
obstruction, diastolic CBF remained unchanged, and total CBF decreased. The present data 
suggest that elevation of LV intracavitary pressure above coronary perfusion pressure can 
reduce systolic CBF and lead to an autoregulatory compensation that taxes coronary flow 


reserve. (Am Heart J 1988;116:806.) 


Hani N. Sabbah, BS, and Paul D. Stein, MD. Detroit, Mich. 


The pathophysiology of cardiac pain in patients 
with aortic valvular stenosis has primarily been 
ascribed to an augmented left ventricular myocardi- 
al demand that outstrips energy supply in spite of 
normal coronary arteries.’ The inability of the coro- 
nary circulation to match the increased myocardial 
demands is thought to be a consequence of 
decreased coronary reserve.+? An important factor 
leading to the reduction of coronary flow reserve in 
aortic stenosis is undoubtedly related to the accom- 
panying left ventricular hypertrophy,?* but are 
there other contributing factors? One possible factor 
might be a reduction of systolic coronary flow due to 
retrograde coronary flow during systóle. Several 
studies‘? have demonstrated retrograde coronary 
flow during systole in the presence of aortic valvular 
stenosis. The retrograde coronary flow during sys- 
tole has been suggested by some’ to reflect a Venturi 
effect that may develop distal to the aortic valve in a 
manner analogous to what occurs with the common 
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water faucet suction pump. A-more likely explana- 
tion, however, is that retrograde flow during systole 
results from an elevation of intramyocardial com- 
pressive forces that may literally squeeze coronary 
flow from intramural vessels during systole.®* 

If an obstruction to left ventricular outflow results 
in reduced coronary flow during systole and if the 
coronary vasculature compensates for the loss of 
systolic flow by vasodilation, then a case could be 
made for diminution of coronary reserve by virtue of 
such a dynamic mechanism. The present investiga- 
tion was designed to test this hypothesis. 


METHODS 


The study was performed in seven healthy mongrel dogs 
weighing between 18 and 46 kg. After an overnight fast, 
each dog was anesthetized with an intravenous injection of 
0.1 mg/kg Innovar-Vet (droperidol, 2.0 mg/kg, and fenta- 
nyl citrate, 0.04 mg/kg), followed by an injection of 7.5 
mg/kg of pentobarbital. The depth of the anesthesia was 
maintained throughout the procedure with a continuous 
infusion of Ringer’s solution containing a mixture of 
Innovar-Vet, 4 ml/1000 ml, and pentobarbital, 300 mg/ 
1000 ml. In each dog, a left thoracotomy was performed, 
the pericardium was opened, and the heart was cradled in 
the pericardial sac. 

Coronary blood flow. In each dog, a 1 cm long segment 
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Table I. Hemodynamics in the presence of intact coronary 
vasomotor tone during a control period (C) and during left 
ventricular outflow tract obstruction (OBS) 








Mean + SEM p 
HR (beats/ C 115 + 8 NS 
min) OBS 116 + 8 
BP (mm Hg) c 126/96 + 9/8 NS/NS 
OBS 126/96 + 9/8 
SEP (msec) C 180 + 8 NS 
OBS 190 + 8 
LVEDP (mm C ll +2 NS 
Hg) OBS i2 
dP/dt (mm C 2590 + 185 <0.05 
Hg/sec) OBS 2270 + 140 
AP (mm Hg) c = _ 
l OBS 26 +3 
MSCBF C 20 + 13 <0.001 
(ml/min) OBS 18 +3 
MDCBF C 529 <0.05 
(ml/min) OBS 58 + 10 
MTCBF Cc 4147 NS 
(ml/min) OBS 4046 





HR = heart rate; BP = aortic blood pressure; LVEDP = left ventricular 
end-diastolic pressure; SEP = systolic ejection period; dP/dt = left 
ventricular rate of change of pressure; AP = peak pressure gradient 
across the aortic valve; MSCBF = mean systolic coronary blood flow; 
MDCBF = mean diastolic coronary blood flow; MTCBF = mean total 
coronary blood flow. 


of the left anterior descending coronary artery was isolat- 
ed proximal to the second diagonal branch. A cuff electro- 
magnetic flow transducer was placed around the artery to 
measure blood flow. A snare was placed proximal to the 
flow transducer and was used to occlude the coronary 
artery to determine zero flow. At the completion of each 
experiment, the flow transducer was calibrated with the 
dog’s own blood by the use of a graduated cylinder and a 
stop watch. In three dogs, a 26-gauge needle shaped as a 
fishhook was introduced into the left anterior descending 
coronary artery proximal to the coronary snare. The 
needle was attached via a small section of tubing to a 
constant infusion pump from which adenosine was infused 
into the coronary artery. 

Total coronary blood flow in the left anterior descend- 
ing coronary artery was calculated from the electronically 
derived mean of the phasic coronary flow signal. Systolic 
coronary flow was calculated by integrating the phasic 
flow signal starting at the time of onset of the rapid rise to 
aortic pressure and ending at the time of the incisura of 
the central aortic pressure. Diastolic coronary flow was 
calculated in the same way, starting at the incisura of the 
central aortic pressure and ending at the moment of onset 
of the rapid rise of aortic pressure. 

Pressure measurements and subaortic obstruction. 
Pressures in the root of the aorta and in the left ventricu- 
lar cavity were measured with catheter-tip micromanom- 
eters (Millar Instruments, Houston, Texas). Left ventric- 
ular outflow tract obstruction was created by transiently 
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Fig. 1. Diagrammatic representation of the experimental 
set-up showing the location of the balloon in the outflow 
tract of the left ventricle (LV). Catheter-tip micromanom- 
eters are located in the aorta (Ao) and LV. An electromag- 
netic flow transducer is located on the proximal left 
anterior descending coronary artery (LAD). 


inflating a balloon at the tip of a cardiac catheter posi- 
tioned in the outflow tract of the left ventricle just below 
the aortic valve (Fig. 1). The degree of outflow obstruction 
and therefore the extent of balloon inflation was adjusted 
to achieve an elevation of left ventricular pressure (left 
ventricular pressure averload) while at the same time 
maintaining an unchanged aortic pressure (coronary per- 
fusion pressure). Preliminary tests showed that this could 
be accomplished provided the degree of obstruction was 
only moderate. In the seven dogs that were studied, a peak 
pressure gradient across the aortic valve of 26 + 3mm Hg 
(range 17 to 39 mm Hg) could be maintained for at least 5 
minutes without influencing coronary perfusion pressure 
(aortic pressure) and without causing rhythm distur- 
bances. 

Experimental protocol and data analysis. In the pres- 
ence of intact coronary vasomotor tone, pressures in the 
aorta and left ventricle as well as flow in the left anterior 
descending coronary artery were measured during a con- 
trol period without subaortic obstruction and were repeat- 
ed with balloon catheter obstruction. In each of seven 
dogs, the subaortic obstruction was maintained for 5 
minutes to ensure a steady state. In three of seven dogs, 
measurements of pressure and flow were also made before 
and during subaortic obstruction in the presence of maxi- 
mal coronary vasodilation. Vasodilation of the left anteri- 
or descending coronary artery bed was produced with a 
constant intracoronary infusion of adenosine (250 ug/ 
min). The achievement and persistence of maximal coro- 
nary vasodilation during this portion of the study was 
confirmed by the absence of a reactive hyperemic response 
following a 10-second coronary occlusion. All hemody- 
namic parameters were recorded simultaneously on a 
VR-12 photographic recorder (Electronics for Medicine/ 
Honeywell Inc., Pleasantville, N.Y.) at paper speeds of 100 
mm/sec and lower. ‘ 
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Fig. 2. Records of pressure in the aorta (Ao) and left ventricle (LV) and phasic coronary blood flow in a 
dog with intact coronary vasomotor tone. Left, During the control period. Right, During subaortic 
obstruction. Note the reduction of systolic coronary flow during subaortic obstruction, with a concomitant 





increase of diastolic coronary flow. 


Data are reported as the mean + one standard error of 
the mean. Statistical probabilities were based upon Stu- 
dent’s paired t test. A probability value of 0.05 or less was 
considered significant. , 


RESULTS 


Regulated coronary bed. The hemodynamics before 
and during transient subaortic obstruction in the 
presence of a fully regulated coronary bed (seven 
dogs) are shown in Table I. Heart rate, aortic 
systolic and diastolic pressure, and left ventricular 
end-diastolic pressure remained unchanged during 
outflow obstruction. The systolic ejection period was 
slightly longer during outflow obstruction in com- 
parison to control (180 + 8 vs 190 + 8 msec). This 
increase, however, was not statistically significant. 
Peak isovolumic left ventricular rate of change of 
pressure (dP/dt) decreased during subaortic ob- 
struction in comparison to control values (2590 + 
185 vs 2270 + 140 mm Hg/sec) (p < 0.05). 

In the presence of intact vasomotor tone, mean 
systolic coronary flow was 20 + 4 ml/min during the 
control period and decreased to 18 + 3 ml/min 
during the subaortic obstruction (p < 0.001) (Fig. 2). 
This represented a 7 + 1 ml/min reduction of systo- 


lic coronary flow during obstruction (Fig. 3). On the 
other hand, mean diastolic coronary flow increased 
during subaortic obstruction in comparison to con- 
trol (52 + 9 vs 58 + 10 ml/min (p < 0.05) (Fig. 2). 
This represented a 6 + 2 ml/min increase of diastol- 
ic coronary flow (Fig. 3). The reduction of systolic 
coronary flow and the corresponding increase of 
diastolic coronary flow during subaortic obstruction 
maintained total coronary flow unchanged. Mean 
total coronary flow was 41 + 7 ml/min during the 
control period and 40+6 ml/min during the 
obstruction. 

Maximally vasodilated coronary bed. The hemody- 
namics before and during transient. subaortic 
obstruction in the presence of a maximally vasodi- 
lated coronary bed (three dogs) are shown in Table 
II. As with the regulated coronary bed, heart rate, 
aortic systolic and diastolic pressure, and left ven- 
tricular end-diastolic pressure remained relatively 
unchanged during the obstruction in comparison to 
control values. The systolic ejection period was 
slightly longer and peak left ventricular dP/dt was 
somewhat lower (Table II). 

Mean systolic coronary flow decreased from an 
average of 75 ml/min during the control period to 56 
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Fig. 3. Change of coronary blood flow (ACBF) during 
subaortic obstruction in comparison to control. Top, In 
the autoregulated coronary bed. Bottom, During maximal 
coronary vasodilation. Bar height represents the mean 
ACBF. 


ml/min during the subaortic obstruction (Figs. 3 and 
4). Mean diastolic coronary flow, on the other hand, 
remained relatively unchanged (Table II). Mean 
total coronary flow decreased from an average of 145 
ml/min during the control period to an average of 
120 ml/min during the obstruction; this reflected the 
loss of systolic flow in the absence of compensation 
by vasodilation. 


DISCUSSION 


The results of the present study indicate that 
systolic coronary blood flow is reduced during tran- 
sient left ventricular outflow tract obstruction. In 
the presence of intact coronary autoregulation, the 
reduction of systolic coronary flow appears to be 
compensated for by an increase of diastolic coronary 
flow, so that total coronary flow to the myocardium 
remains unchanged. This finding is supported by 
observations in the maximally vasodilated coronary 
bed, where a reduction of systolic coronary flow 
resulted in a net reduction to total coronary flow to 
the myocardium. 

The diminution of systolic coronary blood flow in 
the present study was likely the result of increased 
coronary extravascular compression caused by an 
elevation of left ventricular intracavitary pressure. 
Several studies in dogs™™ have demonstrated that an 
elevation of coronary extravascular compressive 
forces can lead to diminished coronary systolic flow. 
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Fig. 4. Records of pressure in the aorta (Ao) and left 
ventricle (LV) and phasic coronary blood flow in a dog 
during maximal coronary vasodilation. Left, During the 
control period. Right, During subaortic obstruction. Note 
the reduction of systolic flow during subaortic obstruction 
with no change of diastolic coronary flow. 


Increased coronary extravascular compressive 
forces, as evidenced by increased intramyocardial 
tissue pressure without concomitant changes of cor- 
onary perfusion pressure, was shown to increase 
retrograde coronary flow during systole, leading to a 
reduction of mean systolic antegrade coronary 
flow.® © Several dynamic factors have been proposed 
to influence coronary extravascular compressive 
forces. Current experimental evidence suggests that 
myocardial contraction” and left ventricular intra- 
cavitary pressure!” are the two primary determi- 
nants of coronary extravascular compressive forces. 
In the present study, ventricular performance was 
not augmented, but left ventricular intracavitary 
pressure was increased. 

The mechanism for the increased diastolic coro- 
nary blood flow during left ventricular outflow 
obstruction in the presence of intact coronary vaso- 
motor tone may be due to compensatory coronary 
vasodilation mediated by the reduction of systolic 
coronary inflow. The increased diastolic flow also 
could have resulted from an increased myocardial 
oxygen consumption caused by an elevation in left 
ventricular wall tension. The latter presumably 
resulted from an augmentation of left ventricular 
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Table Il. Hemodynamics in the presence of a maximally vasodilated coronary bed during a control period (C) and 


during left ventricular outflow tract obstruction (OBS) 





Dog No. 1 








HR (beats/min) C 94 
OBS 91 
BP (mm Hg) C 116/92 
OBS 116/92 
SEP (msec) Cc 200 
OBS 220 
LVEDP (mm Hg) C 11 
OBS 13 
dP/dt (mm Hg/sec) C 3380 
OBS 2820 
AP (mm Hg) Cc — 
OBS 22 
MSCBF (ml/min) C 86 
OBS 68 
MDCBF (ml/min) Cc 168 
OBS 167 
MTCEF (ml/min) C 147 
OBS 133 








Abbreviations as in Table I. 


intracavitary pressure. Direct measurements of left 
ventricular wall tension, however, were not made. 
An integral part of the present investigation is the 
reduction of coronary blood flow during systole. If 
the coronary circulation indeed compensates for the 
loss of systolic coronary flow by vasodilation, this 
would imply a functional role for systolic coronary 
flow in myocardial perfusion. It is often thought that 
systolic coronary flow is merely a reflection of the 
capacitance of the large epicardial coronary arteries 
and that true myocardial perfusion per se occurs 
primarily during diastole. Although capacitance of 
the large coronary vessels certainly accounts for a 
portion of systolic coronary flow, myocardial perfu- 
sion during systole can also occur.’* Studies in 
dogs by Downey and Kirk," in which myocardial 
perfusion was transiently limited to the periods of 
systole, showed considerable uptake of “Rb across 
the ventricular wall, indicative of perfusion. The 
uptake of Rb was higher in the subepicardial layers 
than in the subendocardial layers. Similar observa- 
tions were made by Hess and Bache." In their 
study," myocardial perfusion during systole also 
favored the subepicardial layers of the left ventricu- 
lar wall. The results of both studies suggest that 
coronary extravascular compressive forces during 
systole limit but do not eliminate perfusion to the 
myocardium under resting conditions. Conditions 
that increase coronary extravascular compressive 
forces can therefore further limit perfusion during 
systole by further compression of intramural vessels. 











2 3 Mean 
133 107 ill 
136 107 111 

159/122 106/81 127/98 
156/122 102/83 125/99 
180 180 187 
184 174 193 
13 10 11 
13 10 12 
3200 3060 3210 
2960 2840 2870 
14 29 22 
104 34 75 
75 24 56 
291 79 179 
288 78 175 
225 64 145 
192 56 120 








This could cause retrograde coronary flow during 
systole, particularly in intramural vessels,®*! which 
in turn reduces antegrade flow in the epicardial 
arteries. 

Because a reduction of systolic coronary blood 
flow, often manifested as retrograde systolic flow,®? 
can occur in aortic valvular stenosis or subaortic 
stenosis, the present findings may have implications 
with respect to the regulation of coronary flow in 
these disease states. Several studies” *"8 have sug- 
gested that coronary reserve is decreased in patients 
with aortic stenosis. Studies in patients with severe 
aortic stenosis, left ventricular hypertrophy and 
normal coronary arteries have shown a marked 
impairment of coronary reserve in arteries that 
supplied the hypertrophied left ventricle.? In the 
same study,’ coronary reserve was less impaired in 
the right coronary artery that supplied the nonhy- 
pertrophied right ventricle. Studies by these authors 
did not address the mechanism responsible for the 
decreased coronary reserve in vessels supplying the 
hypertrophied muscle. It is likely, however, that a 
factor responsible for the diminution of coronary 
reserve was the hypertrophy. If the growth of the 
coronary circulation in the hypertrophied left ven- 
tricle did not keep pace with the increased left 
ventricular mass, the coronary circulation would 
vasodilate to increase blood supply in the face of 
increased energy demands and thereby tax coronary 
reserve. 

A second factor responsible for the diminished 
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coronary reserve in aortic stenosis may be inferred 
from the observations made in the present study. To 
compensate for the reduction of systolic coronary 
flow, the coronary circulation must dilate and there- 
fore tax coronary reserve. Studies of coronary 
reserve in volume overload left or right ventricular 
hypertrophy tend to support, but not necessarily 
prove, a role for an additional factor other than 
hypertrophy that can act to deplete coronary reserve 
in patients with valvular aortic stenosis. Eastham et 
al.’ showed that coronary reserve is reduced in 
patients with left ventricular hypertrophy secondary 
to chronic mitral regurgitation. The reduction was 
not as severe, however, as in patients with aortic 
stenosis.” Doty et al.” showed reduced coronary 
reserve in patients with right ventricular hypertro- 
phy due to a large atrial septal defect; again, howev- 
er, the degree of reduction of coronary reserve was 
not as severe as in patients with aortic stenosis.” In 
neither of these situations was there a gradient 
across the aortic valves. Therefore a necessary con- 
dition for further taxing coronary reserve, namely 
increased extravascular compressive forces, was not 
operative. 

In three dogs we observed a net reduction of 
coronary blood flow during outflow obstruction after 
depletion of coronary reserve with intracoronary 
adenosine. This observation may offer a clue to the 
development of cardiac pain in patients with aortic 
stenosis in response to stress. In aortic stenosis, 
conditions that increase myocardial oxygen de- 
mands are likely to increase intracavitary pressure, 
which in turn will increase the extravascular com- 
pressive forces and thereby decrease systolic flow. 
Because in such patients coronary reserve is deplet- 
ed, a net reduction of total coronary flow would 
occur and would lead to ischemia. 

In summary, the present observations indicate 
that an acute elevation of left ventricular intracavi- 
tary pressure in the presence of an unchanged 
‘coronary perfusion pressure can lead to a reduction 
of systolic coronary blood flow. The reduction of 
systolic coronary blood flow is fully compensated for 
by an increase of diastolic coronary flow if the 
coronary autoregulatory system is intact, thus tax- 
ing coronary flow reserve. Further studies in 
patients are needed to determine if such a mecha- 
nism contributes to the depletion of coronary 
reserve in aortic valvular stenosis. 
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Correlation of electrocardiographic and 
echocardiographic changes in Kawasaki 
syndrome : | 


To determine whether changes in ECGs correlated with abnormalities in echocardiograms in 
children with acute and convalescent Kawasaki syndrome, we undertook a retrospective analysis 
of 44 patients examined during the first 2 weeks of illness and followed for at least 6 months, 31 
for longer than 1 year. We analyzed 360 ECGs, 282 echocardiograms, and clinical status. Results _ 
of echocardiography showed 18 children with myocardial dysfunction, pericardial effusion, 

and/or coronary arterial abnormalities (41%); 26 children had no abnormalities. All 18 of the 
former and all but 10 of the latter had abnormalities on serial ECGs that normalized on recovery. 
Thirty-four of 44 patients (77%) had ECG abnormalities. These abnormalities were most prevalent ` 





in the first month: 68% appeared in the first week, about 50% in the second to fourth weeks, 
16% at 2 months, and 10% at 3 months. The type of ECG change did-not predict the type of 
echocardiographic abnormality, except that low voltage of QRS was found only with pericardial | 
effusion. The most frequent early changes were in T waves, which were flattened in 28 (64%). 
Later 12 patients had high, peaked, abnormal T waves. Prolonged PR interval occurred in 13 
patients, seven of whom had echocardiographic abnormalities: Of six with prolonged QT interval, 
four had abnormal echocardiograms. The possibility of having an abnormal echocardiogram 


increased with the number of ECG changes: from O risk with no change to 37% for one, 


47% for 


two, 80% for three, and 100% for four changes in serial ECGs. Both ECGs and echocardiograms 
are important In early and subsequent evaluation of these patients. Inasmuch as the ECGs 


showed abnormalities in 


77% whereas echocardiograms showed changes in 41%, we believe that 


serial ECGs in comparison with prior tracings offer the more sensitive noninvasive indicator of 
. pancarditis in young children during acute and convalescent Kawasaki Syndrome: (Am Heart J 


1988; 116:812.) 


Fukiko Ichida, MD, Nunzia S. Fatica, MD, John E. O’Loughlin, MD, 


Michael.S. Snyder, MD, Kathryn H. Ehlers, MD, and Mary Allen Rngle, MD. 


New York, N.Y. 


Kawasaki syndrome has been of great interest to 
physicians in the United States since the first report 
in the English literature in 1974.1 It is best known to 
pediatricians and to cardiologists because of the risk 
of coronary artery involvement.?+ Less emphasis has 
been placed on the other aspects of pancarditis that 
this illness can cause. A report of endomyocardial 
biopsy at the time of cardiac catheterization 


described myocardial involvement in all 20 children. 


in the study.’ Furthermore both ‘aortic and mitral 
valve regurgitation has been reported in the acute 
stage, indicating valvulitis.°’ Mitral regurgitation 
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may appear later as well, not only as a consequence 
of myocardial infarction and papillary muscle: dys- 
function resulting from coronary artery obstruction 
but’ also from chronic valvulitis.*° Fatal cases 
resulting from severe valvulitis in the absence of 
coronary involvement have been reported from 
Japan. t2 

To study pancarditis and coronary involvement in ` 
this syndrome, and the role of electrocardiography 
and echocardiography in recognition and manage- 
ment, we undertook a review of those children under 
observation from the acute stage into the chronic or 
inactive stage of the illness.. We correlated the 
clinical and echocardiographic findings with the 
results of a systematic analysis of serial ECGs. 


METHODS 


Between January, 1980, and ENA 1986, a total of 110 
children referred to the pediatric cardiology service at The 
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Tabie |. Echocardiographic diagnosis of cardiac abnormal- 
ity in 44 patients with Kawasaki syndrome 








No.-of 
Diagnosis patients 
Coronary artery involvement 
Alone 6 
+ Pericardial effusion 2 
+ Pericardial effusion and myocarditis 4 
Total l 12 
Myocarditis 
Alone 2 
+ Pericardial effusion . 1 
+ Pericardial effusion and coronary involvement* 4 
Total 7 
Pericardial effusion 
‘Alone 3 
+ Coronary abnormality 2 
+ Coronary and myocardial abnormalityt 4 
+Myocarditist aL 
Total 10 
No echocardiographic abnormality 
Total i . 26 








*Included also under I. 
Included also under I. 
tIncluded also under II. 


New York Hospital-Cornell University Medical College 
were diagnosed as having Kawasaki syndrome. ™ The 
diagnosis was made when the clinical criteria established 
by the Japanese Kawasaki Disease Research Committee! 
and by the American Center for Disease Control? were 
satisfied. Among these were 44 children who were exam- 
ined within the first 2 weeks of illness and followed for at 
least 6 months, 31 of them for 1 year, and 18 for more than 
1% years, with three for as long as 6 years. One child hada 
recurrence 4 months after the onset of the first episode. 
None had myocardial infarction, and all survived. Racial 
distribution was 56% white, 24% black, 9% Hispanic, and 
11% Asian." Ages ranged from 3 months to 12 years 
with a median of 2 years 8 months. Fourteen were 
female. 

The protocol for evaluation of all Kawasaki patients was 
as follows. While in the hospital, they were examined daily 
by a pediatric cardiologist and were reexamined at each 
ambulatory follow-up visit. Significant findings were 
recorded in the chart. M-mode echocardiography was 
performed at.the time of admission and was repeated if 
ventricular function was decreased and/or pericardial 
effusion was present. Two-dimensional echocardiography 
(2DE) was performed on admission and was repeated 
weekly until 1 month after the onset of fever (taken as the 
first day of illness). It was repeated at least at 2 and 6 
months after onset, then yearly through the third year, 
and evey 2 years thereafter. When coronary artery abnor- 
malities were first noted, 2DE was repeated every few 
days. ECGs were obtained each time 2DE was performed. 
A chest x-ray was obtained on admission and was repeated 
if there was carditis or pericardial effusion. None of the 
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Fig. 1. Frequency of ECG abnormalities during acute 
and convalescent Kawasaki syndrome: indicated as per- 
centages for each time period shown at bottom. Number of 
patients is shown on vertical axis. 


patients received gamma globulin. Most received aspi- 
rin.! 

-Among the 44 patienzs, a total of 360 ECGs and 282 
echocardiograms (238 2DEs) were obtained. Three of the 
authors independently analyzed the ECGs without knowl- 
edge of the clinical or echocardiographic findings. Two 
other authors reviewed the echocardiograms without 
knowledge of the clinical or ECG data. Results of these 
analyses were then combined with the clinical information 
in each patient’s chart. 

ECGs were judged according to the usual criteria for 
children." M-mode echocardiograms were interpreted 
in accordance with normal values established in our 
pediatric echocardiography laboratory. In particular we 
reviewed left atrial and ventricular dimensions, left yen- 
tricular function by ejection and shortening fraction and 
by systolic time indices, and we looked for evidence of 
pericardial effusion. We judged myocardial abnormality 
(hereafter referred to as myocarditis) to be present if the 
ejection fraction was less than 63%, the shortening frac- 
tion was less than 27%, and/or the ratio of left ventricular 
preejection time to left ventricular ejection time was 
increased for heart rate.” We considered increases in 
chamber dimensions to indicate myocardial involve- 
ment. 

On 2DE we noted the presence or absence of pericardial 
effusion and commented on chamber size and left ventric- 
ular contractility. We evaluated the proximal portions of 
the left main coronary artery, the left anterior descending 
artery, and the circumflex artery, and we viewed the origin 
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Fig. 2. Percentage of patients with echocardiographic 
(echo) abnormalities is shown for each ECG change. 
Number of patients with each ECG change is shown in 
vertical axis. 


and the course of the right coronary artery in the atrioven- 
tricular groove. The presence of dilatation or aneurysm 
was interpreted as an abnormality.” 

On chest roentgenograms we looked for cardiomegaly 
(cardiothoracic ratio greater than 50%) and pleural effu- 
sion or pulmonary infiltrate or for abnormality in vascu- 
larity. 


RESULTS 


Clinica! evaluation. None of these 44 children were 
judged during the acute phase to have myocarditis 
or cardiac failure. None had a gallop rhythm or 
pericardial friction rub. 

Results of initial chest x-ray examinations in 29 
children showed an enlarged cardiac silhouette in 
four, three of whom had pericardial effusion on the 
echocardiogram; the fourth child had coronary 
involvement. One of the three had echocardiograph- 
ic evidence of effusion only, one had evidence of 
effusion and coronary abnormality, and the third 
had myopericardial and coronary abnormalities. 
One boy with borderline cardiomegaly had. an 
increase in left ventricular dimension on the echo- 
cardiogram. Two children with pericardial effusion 
on the echocardiogram also had pleural effusion on 
the x-ray. The oldest patient had interstitial infil- 
trates on early x-rays. Although her echocardio- 
grams showed no abnormalities, she had serial 
changes on ECGs. _ 

Cardiac involvement by echocardiography. Based on 
results of M-mode and two-dimensional echocardi- 
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Fig. 3. Form of T wave and ST segment changes on 
initial abnormal ECG is shown as percentage of patients 
with that change. T}, T wave was flat or had reversed 
polarity; T— t, initially T wave was just within normal 
limits but became taller as course progressed; ST}, 
depressed ST segment in limb leads, in leads V, and Vg, or 
both; STÎ, elevation of ST segments in those leads. 
Number of patients with each change is shown on vertical 
axis. 


ography, 18 patients were judged to have cardiac 
and/or coronary arterial involvement (44% ), where- 
as 26 patients had no such findings. Of the 18 with 
abnormal echocardiograms, all 18 had. abnormal 
ECGs. Of 26 with no echocardiographic changes, 16 
had abnormal ECGs (p < 0.001 by McNemar’s test 
for paired data). , 

Echocardiographic diagnoses are shown in Table 
I. Twelve children had involvement of the coronary 
arteries. In six this was the only echocardiographic 
abnormality. Of seven children with myocardial 
involvement, two had myocarditis alone, one also 
had pericardial effusion, and four had pericardial 
effusion plus coronary involvement. Three children 
had pericardial effusion only, but in seven others 
mentioned previously, the effusion occurred togeth- 
er with other problems. In 26 the echocardiograms 
were normal. l 

Of the seven children with a myocardial abnor- 
mality, alone or in combination, two had increased 
left ventricular dimensions (one with myopericardi- 
tis and the other with myopericarditis and coronary 
involvement). The latter also had left atrial dimen- 
sion at the upper limits of normal. A third child with 
all three echocardiographic abnormalities had left 
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Fig. 4. ECG leads 1, 2, and 3 and V,, V; and V; on S.B., a 3-year-old black boy with echocardiographic 
evidence of myocardial dysfunction and pericardial effusion. On day 6 highest temperature was 39° C; 
sedimentation rate, 70 mm/hr; echocardiographic ejection fraction, 56%; shortening fraction, 24%, 
preejection period/ejection time, 0.44; pericardial and pleural effusion was small; and coronary arteries 
were normal; dose of aspirin was 100 mg/kg/day. On day 10 patient was afebrile; heart size and 
pulmonary vascular markings increased. On day 16 ejection fraction was 65%; shortening fraction was 
29%; left coronary artery was dilated; platelet count was 950,000/mm3; sedimentation rate was 35 
mm/hr. dose of aspirin was 40 mg/kg/day. At 2 months platelet count was 881,000/mm*; echocardiogram 
was normal; aspirin was discontinued; ECG showed sinus tachycardia, prolonged PR interval, and QT 
time with T waves in normal limits on day 5, but on day 10 T waves were lower and T-V; was umbilicated. 
On day 16 T waves were high with delayed peak in V;, lead 2. At 65 days T waves were more nearly 


normal V, at half standardization on day 6. 
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ventricular dimensions at the upper limits of normal phase, and in 10 of the 12 children they normalized. 


on two occasions 1 week apart. Once echocardiographic improvement began it did 

Over the course of follow-up, the echocardio- not worsen. 
ECG findings. Thirty-four of 44 children (77%) 
dence of myocarditis and pericarditis rapidly disap- had abnormalities on serial ECGs. The ECG abnor- 
peared in the acute phase, and abnormalities of the malities were most prevalent in the first month (Fig. 
coronary arteries regressed during the convalescent 1). They were found in 68% of the patients in the 


graphic abnormalities improved in all patients. Evi- 
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Fig. 5. Echocardiographic evidence of pericardial effusion and ‘ivecaelial impairment in 4-year-old 
Asian boy. On day 12 he was afebrile, platelet count was 453,000/mm‘, and sedimentation rate was 45 
mm/hr. Echocardiogram showed increased left ventricular dimension with left atrium at upper limits of 
normal, posterior pericardial effusion, ejection fraction (EF) 60%, shortening fraction (SF) 26%, 
preejection period/ejection time (PEP/ET) 0.35, and normal coronary arteries; right pleural effusion was 
seen on x-ray; dose of aspirin was 100 mg/kg/day. On day 15 platelet count was 680,000/mm'; 
sedimentation rate was 54. Highest platelet count was 733,000 on day 18; echocardiographic dimensions 
and pericardial effusion were unchanged; systolic indices were in normal range (EF 75%, SF 32, PEP/ET 
0.32); aspirin was discontinued. On day 56 echocardiogram was normal. On day 12 QRS voltage and T1 
were low but within normal limits. On day15 T wave was normal in leads 1 and V;. On day 58 QRS voltage 
was greater, suggesting that on earlier tracings QRS voltage w was low for that child. On day 58 T waves 


were high with delayed peak. 


first week and in 50% of the patients in the second 
through fourth weeks. Thereafter the frequency of 
abnormal findings declined to 16% at 2 months, 
10% at 3 months, and only 6% by 6 months from the 
onset of illness. 

Types of ECG changes are shown in Fig. 2. Only 
10 patients had no ECG abnormalities; these 10 also 
had normal echocardiograms. The most prevalent 
change was in the T waves in 64% of the patients. Of 
the 28 who showed this, 12 had no echocardiograph- 
ic abnormalities (44%). 

The T wave changes were of two forms in the 
acute stage (Fig. 3) and of a third and curious kind in 
the convalescent phase (Figs. 4 and 5). In early 


tracings T waves were flattened or had reversed 
polarity (symbol T | Fig. 3) in 20 patients. In eight 
more the initial T waves were low but within normal 
limits, but they became much larger as healing 
occurred (T— f in Fig. 3). In the latter group it was 
only by comparison with subsequent tracings that 
we recognized that although these early changes 
were within normal limits, they were nonetheless not 
normal for that patient. 

During convalescence 12 patients had unusually 
tall, pointed T waves with a delayed peak (Figs. 4 
and 5). Echocardiographic diagnoses included six 
with no abnormalities and one each with coronary 
involvement alone, pericardial effusion only, myo- 
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Fig. 6. Number of ECG changes in acute and convales- 
cent stages of Kawasaki syndrome is shown at the bottom 
and number of patients is shown on left. Lightly stippled 
first bar indicates no echocardiographic (echo) abnormal- 
ity. Darkly stippled areas indicate those patients with 
echocardiographic abnormalities for that number of ECG 


abnormalities. Percentage of 44 patients showing that ` 


number of ECG changes is shown at top of each bar. 


carditis alone, and perimyocarditis. Two had evi- 
dence of all three problems. In four patients these 
peaked T waves persisted into the second or third 
month before normalizing. 

Among the children with any ECG changes during 
the first 2 weeks of illness, no new abnormalities 
developed in the third or subsequent weeks except 
for delayed peaking of the T waves. The only 
exception was in one child with recurrence after 4 
months. He had abnormal T waves and elevated ST 
segments at the outset. These were beginning to 
normalize when the febrile illness of Kawasaki syn- 
drome recurred. T waves became flat again, and 
after 3 weeks they changed to low and then to tall 
and asymmetrically peaked. 


Next in frequency among ECG abnormalities was 


first-degree heart block: 13 of 44 (80%). Seven of the 
13 had abnormal echocardiograms: myocarditis 
alone in two, pericardial effusion only in one, and 
coronary involvement in one. The other three had 
abnormal coronary arteries plus pericardial effusion 
(one patient) or myocarditis and pericardial effusion 
(2 patients). Abnormalities of ST segments were the 
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Fig. 7. Possibility of having an echocardiographic abnor- 
mality increased with number of ECG changes. Percent- 
age of risk is shown on vertical axis, number of ECG 
changes on horizontal axis, and number of patients with 
echocardiographic abnormalities over number of patients 
with that number of ECG changes is shown as ratio above 
each column. 


third most frequent change: 11 of 44 (25%) (Fig. 3). 
These were found in 10 patients, six of whom had 
abnormal echocardiograms. Four with no clinical 
evidence of heart disease had elevated ST seg- 
ments. 

In 6 of the 44 patients, the QT interval was 
prolonged; four of these patients had echocardio- 
graphic changes that indicated abnormal coronary 


` arteries, pericardial effusion, or both. In six the QRS 


voltage was lower initially than it was after the third 
week. Five of these patients had pericardial effusion 
and one had no clinical heart disease. 

All patients had sinus tachycardia during the 
febrile phase; this was not considered an abnormali- 
ty. Sinus arrhythmia was often exaggerated during 
convalescence. The only arrhythmia recorded was in 
one child with occasional uniform ventricular pre- 
mature contractions (VPCs) on all 10 ECGs and on 
Holter monitoring during a 342-year period of fol- 


` low-up. Whether these VPCs occurred in relation to 


Kawasaki syndrome or were unrelated was uncer- 
tain. However, because they persisted long term, we 
believe that most likely they were benign VPCs, that 
were unrelated to this illness. 

None of the patients had abnormal Q waves or any 
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suggestion of myocardial infarction. Most patients 
with ECG abnormalities had at least two kinds of 
changes in serial tracings: 10 of the 34 had two 
abnormalities, eight had one, five had three, and two 
had four changes (Figs. 6 and 7). 


Correlation of echocardiograms and ECGs. The pos- ` 


sibility of having echocardiographic abnormalities 
increased progressively with an increasing number 
of ECG changes (Figs. 6 and 7). The chance was 0 in 
10 (0%) with no ECG changes, 37% with one, 47% 
with two, 80% with three, and 100% with four 
changes. The number of ECG changes for patients 
with an echocardiographic abnormality only (six 
patients), myocarditis only (two patients), pericardi- 
al effusion only (three patients), and no echocardio- 
graphic changes (twenty-six patients) was not 
appreciably different, except that no patient with a 
normal echocardiogram had as many as four 
changes. 

Correlation of clinical findings with echocardiograms 
and ECGs. It appears that the physical findings of 
carditis in these children with acute Kawasaki syn- 
drome, followed through convalescence, were too 
subtle to be appreciated. The other signs of the 


illness—persistent high fever, rash, conjunctivitis, : 


lymphadenopathy, and irritability together with the 
question of coronary artery involyement—com- 
manded most of the attention in daily progress notes 
in the charts. There were few radiologic changes. 


DISCUSSION 


The fact that all ECG changes normalized on 
serial tracings by the third month and that ECGs 
after recovery were unchanging points to the signif- 
icance of these “nonspecific changes” early in this 
illness with carditis as a common component.” * 

Although the clinical signs of carditis were lacking 
or sparse, echocardiograms were abnormal in 18 of 
44 patients (41%) and ECGs were abnormal in 34 
(77%). Therefore the ECG may be the most sensi- 
tive indicator of carditis in the early stage of the 
illness. Although nonspecific for the type of cardiac 
involvement, the changes we identified are common 
in myocarditis: prolongation of PR and QT intervals 
and changes in ST segments and T waves, which are 
characteristic of myocarditis and pericarditis.“ It 
is not surprising that lower voltage of the QRS in 
early compared to later ECGs occurred in all four 
children with pericardial effusion.” The absence of 
pathologic Q waves relates to the fact that no child 
had a myocardial infarction. ECGs gave no indica- 
tion in these patients of involvement of the coronary 
arteries. In each instance when the echocardiogram 
was abnormal, the ECG was also abnormal. 
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Asai? reported that almost all patients with 
Kawasaki syndrome have myocarditis, pericarditis, 
or both in the acute stage of the illness. He found 
abnormalities in the ECGs of 69 of 73 patients 
(95%). We observed such changes in 34 of our 44 
patients (77%). Asai reported a prolonged PR inter- 
val in 59%; we found it in 30%. Fujiwara et al., ina 
clinicopathologic study of the conduction system in 
10 patients with Kawasaki syndrome, correlated 
prolongation of the PR interval with change in the 
atrioventricular node. 

An unusual feature in 12 of our patients with early 
abnormalities on ECGs was the development in the 
second or third week of high T waves with a delayed 
peak.” Although the cause and significance of this 
appearance are not certain, Onouch et al. related 
the peaked T wave to hyperkinesis of regional wall 
motion noted on 2DE during the recovery phase of 
Kawasaki syndrome. 

Before this review, we did not consider the ECG 
to be particularly helpful in evaluating patients with 
Kawasaki syndrome.” However, when we realized 
that serial tracings in the same patient, and in most 
children, showed evolution and regression of the 
changes described herein, we came to appreciate 
that serial ECGs and echocardiograms are both 
useful noninvasive tests in the management and 
follow-up of children in acute and convalescent 
stages, and in the early recognition of suspected 
Kawasaki syndrome. 


We appreciate the assistance of Miss Ethel Longo in mounting 
the ECGs, Ms. Jeanne Macaluso for preparing the manuscript, 
Mr. William Thackeray for making the graphs, and Dr. Martin L. 
Lesser for statistical consultation. 
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Prediction of coronary artery disease in a 
population of insulin-requiring diabetic patients: 
Results of an 8-year follow-up study 


To identify predictors of clinical coronary artery disease, 110 insulin-requiring diabetic patients 
with no symptoms suggestive of cardiac disease and with a normal resting ECG underwent 
metabolic and noninvasive cardiovascular screening including a history and physical examination, 
exercise ECG, M-mode echocardiography, and chemical laboratory testing. During a median 
follow-up interval of 100 months, 14 of these patients had clinical evidence of coronary artery 
disease consisting of acute myocardial infarction, sudden cardiac death, or anginal chest pain 
with angiographic documentation of occlusive coronary artery disease. Baseline variables that 
were univariately predictive of subsequent clinical coronary disease included age, peak treadmill 
heart rate, and retinal neovascularization. According to multivariate analysis the peak treadmill 
heart rate was the single most important predictor of subsequent development of clinical 
coronary disease. A treadmill ECG result that was either abnormal or inconclusive because of 
failure to achieve 90% of predicted maximal heart rate identified each patient in whom clinical 
coronary artery disease developed within 50 months after entry testing. Thus the entry treadmill 
ECG provided prognostic information not available from the history and physical examination 
results, but little further prognostic information was provided after the first 50 months of 
follow-up, suggesting the need for serial testing. (Am Heart J 1988; 116:820.) 


Myron C. Gerson, MD, Jane C. Khoury, BSc, Vicki S. Hertzberg, PhD, 
Estelle E. Fischer, BS, and Ralph C. Scott, MD. Cincinnati, Ohio 


With the availability of insulin for treatment of 
diabetic ketoacidosis and of renal transplantation 
for treatment of diabetic renal failure, coronary 
artery disease has emerged as the leading cause of 
death among insulin-requiring (type I) diabetic 
patients.':? Clinical diabetes mellitus has been found 
to be an independent risk factor for coronary artery 
disease.2? Morbidity and mortality related to coro- 
nary artery disease has been observed in a younger 
age group among diabetic compared to nondiabetic 
patients. Furthermore it has been suggested that in 
diabetic patients major coronary events including 
acute myocardial infarction may often be unaccom- 
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panied by chest pain, limiting the diabetic patient’s 
access to modern medical and surgical treatment.® 1° 
The present study evaluates predictors of clinical 
coronary artery disease in a population of patients 
with type I diabetes mellitus and no symptoms 
suggestive of cardiac disease over a median follow- 
up period of 100 months. 


METHODS 


Patient population. A total of 116 patients with insulin- 
requiring (type I) diabetes gave informed consent to 
participate in a program of metabolic and noninvasive 
cardiovascular testing including treadmill ECG and M- 
mode echocardiography. The patients were from a popu- 
lation of more than 300 patients with type I diabetes 
followed at the University of Cincinnati for periods of as 
long as 25 years. Patients were consecutively entered into 
the study from the larger population, provided that the 
patient had no history of chest pain suggestive of angina 
pectoris and had known diabetes mellitus for more than 10 
years. Three patients were unable to walk on the treadmill 
because of nonhealing foot ulcers and were not entered 
into the study. Patients were not excluded because of 
renal disease. No patient had ECG evidence of myocardial 
infarction, but six diabetic patients had an abnormal 
resting 12-lead ECG consisting of nonspecific ST segment 
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depression, T wave inversion, or evidence of left ventricu- 
lar hypertrophy. Because these baseline resting ECG 
abnormalities might have reflected underlying cardiac 
disease, these six patients were excluded from the study, 
although long-term follow-up was maintained. 

The remaining 110 study patients included 47 men and 
63 women with a mean age of 30 years (range 18 to 57 
years). The mean duration of insulin use at the time of 
entry into the study was 19 years. Four of the diabetic 
patients had undergone renal transplantation, but none 
was receiving chronic dialysis. Medications at the time of 
exercise testing included diuretics in 10 patients and 
antihypertensive drugs in eight, including a beta-adrener- 
gic blocker in two patients. No patient was receiving a 
calcium channel—blocking drug. 

Treadmill ECG The patients exercised to limiting 
symptoms according to a standard Bruce protocol." Stan- 
dard ECG leads V, Vs, and V, were continuously recorded 
at rest, during 30 seconds of hyperventilation, and during 
all stages of exercise and during the first 6 minutes of 
recovery. The remaining nine standard ECG leads and 
cuff blood pressure were recorded at rest, during hyper- 
ventilation, and during each minute of exercise and 
recovery. A positive response on the treadmill ECG was 
said to occur when there was greater than or equal to 1 mm 
of horizontal or downsloping ST segment depression 80 
msec after the J point during exercise or recovery. The 
presence of more than 1.0 mm of ST segment depression 
with hyperventilation precluded interpretation of an 
abnormal ST segment response to exercise in that lead 
and rendered the test result inconclusive. Additionally the 
inability to achieve 90% of age-related predicted maximal 
heart rate despite a normal exercise ST segment level was 
considered an inconclusive test result. No study patient 
had evidence of left bundle branch block. No patient had 
angina pectoris during exercise testing. All ECGs were 
interpreted without any patient identification available to 
the reader. 

Nonexercise variables. Within 36 hours before tread- 
mill exercise testing, a complete history was taken, a 
physical examination was performed, and laboratory data 
including serum glucose, electrolytes, serum creatinine, 
and blood urea nitrogen were obtained. Fasting plasma 
lipid and lipoprotein cholesterol levels were measured 
according to Lipid Research Clinic methods.!2¥ 
` M-mode echocardiography was performed by standard 
techniques with commercially available instrumentation. 
A technically satisfactory echocardiogram was recorded in 
106 of the 110 study patients. Echocardiographic abnor- 
malities were independently verified in a blinded manner 
by two experienced echocardiographers according to stan- 
dard diagnostic criteria.“ Differences in interpretation 
were resolved by consensus. f 

Follow-up data. Follow-up data were obtained at 1- to 
2-year intervals from a patient interview and were supple- 
mented by physician records in most instances. All clinical 
end points were verified from hospital records. The medi- 
an follow-up interval was 100 months with a range of 10 to 
114 months and an interquartile follow-up range of 90.5 to 
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Table |. Univariate predictors of clinical coronary artery 
disease in patients with type I diabetes 





Late clinical 
coronary disease 


No clinical 
coronary disease 





{n = 96) (n=14) 
Age (yr) $2.9 + 8.6 39.8 + 7.3 p= 0.005 
Peak treadmill heart 176.7 +9.0 165.5 + 16.1 p = 0.023 
rate 
Treadmill ECG 22/96 (23%) 6/14 (43%) NS 
result abnormal or 
inconclusive ` 
Antihypertensive 5/96 (5%) 3/14 (21%) NS 
drug therapy 
{diuretics 
excluded) 
Retinal 13/26 (14%) 6/14 (48%) p = 0.015 
neovascularization 





104 months. At the time of the last patient follow-up 
interview in 1986, follow-up had been maintained with 
more than 90% of surviving study participants. 

Coronary arteriography was performed in 16 study 
patients (and in two of the additional patients with resting 
ECG abnormalities) by the Judkins technique. Each 
coronary artery was visualized in multiple orthogonal 
projections. A significant coronary artery stenosis con- 
sisted of a 50% or more reduction in the luminal diameter 
of the vessel. Coronary arteriography was performed to 
evaluate angina pectoris or in patients with a recent 
myocardial infarction. No patient underwent coronary 
arteriography solely as a result of findings on baseline 
treadmill exercise testing. 

The following baseline variables were assessed as poten- 
tial predictors of subsequent clinical coronary artery 
disease: age, sex, duration of insulin use, duration of 
diabetes mellitus, family history of coronary artery dis- 
ease, cigarette smoking, blindness, neovascularization on 
retinal examination (all patients were examined by an 
ophthalmologist), clinical hypertension (defined as systo- 
lic blood pressure greater than 140 mm Hg and diastolic 
blood pressure’ greater than 90 mm Hg on three or more 
occasions), systolic blood pressure, diastolic blood pres- 
sure, antihypertensive drug therapy, diuretic therapy, 
renal dysfunction (defined as a serum creatinine level 
greater than 1.2 in a patient less than 30 years of age or a 
serum creatinine level greater than 1.5 in a patient aged 30 
years or more), dialysis or renal transplantation, neuropa- 
thy, claudication, fasting serum glucose, blood urea nitro- 
gen, serum creatinine, serum triglycerides, total serum 
cholesterol, low- and high-density lipoprotein cholesterol 
levels, serum potassium, proteinuria (defined as more 
than 500 mg of protein in a 24-hour urine sample on at 
least two measurements), and presence of proteinuria 
according to the dipstick method. Echocardiographic vari- 
ables included left ventricular end-systolic and end- 
diastolic dimiensions, abnormal left ventricular shortening 
fraction, and presence of any echocardiographic ‘abnor- 
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Table Il. Baseline clinical findings and outcome among 14 diabetic patients in whom clinical coronary artery disease 


developed during the 100-month follow-up period 











Peak 
Patient Age Retinal Antihypertensive Treadmill treadmill 
No. (yr) Neovascularization therapy ECG result heart rate Outcome* 
1 44 No No Negative 175 Angina, 2-vessel disease (58) 
2 54 No No Positive 170 Angina, 2-vessel disease (62) 
3 47 Yes Yes Inconclusivet 170 CABG, 1-vessel disease (70) 
4 37 Yes No Inconclusivet 150 Angina, 2-vessel disease (85) 
5 33 No Yes Negative 179 Fatal MI (59) 
6 39 Yes Yes Inconclusivet 138 ‘Angina, 2-vessel disease, 
sudden death (50) 
7 28 No No Negative 180 Fatal MI at autopsy (77) 
8 44 No No Negative 172 Atypical angina, 1-vessel 
disease (84) f 
9 42 Yes No Negative 172 MI, 3-vessel disease, CABG 
(91) 
10 32 Yes No Positive 175 Angina, l-vessel disease, 
angioplasty (79) 
11 40 No No Negative 170 Angina, 1-vessel disease, 
angioplasty (90) 
12 30 No No Negative 179 Angina, 3-vessel disease (69) 
13 47 Yes No Negative 160 Angina, fatal MI (91) 
14 40 No No Positive 130 Angina, 1-vessel disease (20) 





*Number of months from time of entry treadmill testing to time of ärst clinical coronary event is shown in parentheses after outcome. 


+Inconclusive because of hyperventilation-induced ECG abnormalities. 
fInconclusive because of failure to achieve target heart rate. 


CABG = coronary artery bypass graft surgery; MI = myocardial infarction. 


mality. Treadmill exercise variables assessed included 
duration of treadmill exercise, ability to achieve target 
heart rate, peak treadmill exercise heart rate, percentage 
of age-based predicted maximal heart rate achieved on the 
treadmill, treadmill ECG result (negative vs positive or 
inconclusive), peak exercise systolic blood pressure, and 
maximal ST segment depression (in millimeters), with 
treadmill exercise. 

Statistical analysis was performed by means of the 
Statistical Analysis System™ and BMDP* program pack- 
ages. The categoric variables were compared by means of 
chi-square statistics." Fisher’s exact test" was used for the 
dichotomous comparisons. The Wilcoxon two-sampled 
test? was used for continuous variables that were not 
normally distributed (i.e., duration of follow-up). For the 
latter variables the median and quartiles were given 
instead of the mean and standard deviation to more 
accurately present the distribution of the variable. Multi- 
variate analysis was used to determine partial correlations 
and logistic regression” to relate the independent vari- 
ables to the binary dependent variable of clinical coronary 
artery disease. Because of the large number of possible 
independent predictors, only those that were either uni- 
variately significant at p < 0.10 or clinically important 
were entered into the multivariate analysis. The 0.05 
probability level was used for statistical significance. Cox 
regression” was used to determine the significance of the 
covariate age in the survival analysis; then an arbitrary 
cutoff of 40 years was used in the product-moment 
survival analysis.” 


RESULTS 


Fourteen of the 110 insulin-requiring diabetic 
patients enrolled in the study had evidence of 
clinical coronary artery disease during the follow-up 
period. Three patients had a fatal myocardial infarc- 
tion. Eleven additional patients were found to have 
angiographic evidence of occlusive coronary artery 
disease including seven patients with angina pecto- 
ris, three with atypical angina, and one with angina 
who subsequently died suddenly. There were five 
patients who had chest pain suggestive of angina 
pectoris but who had no significant stenosis accord- 
ing to coronary arteriography. This included three 
patients with normal exercise ECGs at entry and 
two patients with abnormal exercise ECGs. 

Three variables were univariately predictive of 
clinical coronary artery disease during the follow-up 
interval (Table I). Patients with clinical coronary 
artery disease were older and were more likely to 
have retinal neovascularization. The treadmill exer- 
cise variable predictive of late clinical coronary 
disease was the peak treadmill exercise heart rate. 
Data from the 14 patients in whom clinical coronary 
artery disease developed during the follow-up inter- 
val are shown in Table II. 

By multivariate analysis only the peak treadmill 
heart rate was independently predictive of clinical 
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coronary disease during the follow-up period 
(p < 0.001). The peak treadmill heart rates for indi- 
vidual patients with and without clinical coronary 
disease are shown in Fig. 1. Two patients were 
receiving a beta-adrenergic—blocking drug, but nei- 
ther subsequently had clinical coronary disease. 
Beta blockers were withheld on the day before and 
on the day of exercise testing. Hight of 14 patients in 
whom clinical coronary disease subsequently devel- 
oped were unable to reach 90% of predicted maxi- 
mal heart rate on the treadmill (sensitivity = 57%). 
Target heart rate was reached by 47 of 96 patients 
who did not have clinical coronary disease (specific- 
ity = 51%). In general patients with a low treadmill 
peak heart rate were at high risk of developing 
clinical coronary disease, but many patients with 
late coronary disease exercised to heart rates that 
were comparable to those of patients with no clinical 
coronary disease. 

The presence of an abnormal or inconclusive 
treadmill exercise test result identified 6 of 14 
patients with clinical coronary disease on long-term 
follow-up (sensitivity = 48%). The absence of these 
findings identified 74 of 96 patients without subse- 
quent coronary disease (specificity = 77%). Using 
age as a covariate, the cumulative proportion of 
diabetic patients with no clinical coronary artery 
disease during the follow-up period is shown in Fig. 
2 for patients with and without normal treadmill 
exercise ECGs. An abnormal or inconclusive tread- 
mill ECG ‘identified each patient in whom clinical 
coronary artery disease developed during the initial 
half (50 months) of the median follow-up interval. 
Age became the predominant predictor on later 
follow-up. The corresponding sensitivity and speci- 
ficity for retinal neovascularization were 43% and 
88%, respectively. The presence of either an abnor- 
mal or inconclusive treadmill ECG or retinal neovas- 
cularization identified 8 of 14 patients with clinical 
coronary disease (sensitivity = 57%), whereas 29 of 
96 diabetic patients with no evidence of coronary 
disease on follow-up were identified (specifici- 
ty = 70%). The relative risk (and associated 95% 
confidence interval) for a cardiac end point in 
diabetic patients with both abnormal or inconclu- 
sive results of treadmill exercise testing and retinal 
neovascularization was 7.28 (1.35, 39.86; p < 0.015) 
compared to diabetic patients without these base- 
line findings. 

Of the six diabetic patients with an abnormal 
resting ECG who were excluded from analysis with 
the remainder of the study population, four had 
clinical coronary disease. Coronary manifestations 
in these four patients included fatal myocardial 
infarction in three and coronary artery bypass sur- 
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Fig. 1. Peak treadmill exercise heart rate for 14 diabetic 
patients who had clinical coronary artery disease during 
100 months of follow-up and for 96 diabetic patients who 
did not. 


gery for three-vessel disease in one. The time from 
entry into the study to the coronary event ranged 
from 33 to 90 months in these four patients. 


DISCUSSION 


A practical method is needed to identify asymp- 
tomatic patients with type I diabetes who are at high 
risk for a major coronary event. In the present study, 
the mean age at thè time of entry into the study was 
37 years among the four patients who died of 
myocardial infarction or sudden death during 100 


months of follow-up. Clinical coronary artery dis- 


ease developed in 13% of study patients during the 
follow-up period, and the prevalence of asymptom- 
atic coronary disease may have been even higher. In 
nondiabetic individuals the likelihood that coronary 
artery disease is present can be estimated from 
clinical predictors” including age, sex, serum choles- 
terol level, and type of chest pain.” Clinical vari- 
ables including sex and serum cholesterol level are 
less predictive of coronary disease in diabetic 
patients compared to nondiabetic subjects.*®* Diag- 
nostic treadmill exercise testing is most productive 
in patients with a medium pretest probability of 
coronary disease,” whereas in patients with a low 
pretest probability the predictive value of an abnor- 
mal test result is disappointingly low.” These obser- 
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Fig. 2. Relationship of treadmill ECG result and.age to cumulative proportion of diabetic study patients 
with no clinical coronary artery disease. Differences in survival with no clinical coronary artery disease 


were statistically significant (p < 0.011). 


vations suggest that treadmill exercise testing might 
provide more useful diagnostic information com- 
pared to clinical variables in young asymptomatic 
diabetic patients. 

Previous data are not avaliable to demonstrate 
the incremental prognostic value” of graded exercise 
testing in diabetic patients beyond the prognostic 
information available from clinical variables. Pers- 
son” obtained 9-year follow-up data for 84 male 
diabetic patients studied by means of postexercise 
ECG recordings. Either horizontal, downsloping, or 
slowly upsloping postexercise ST segment depres- 
sion was observed in 29 of the 84 diabetic men 
(34%). During follow-up, 9 of the 29 diabetic men 
(81%) with an abnormal postexercise ST segment 
response had a myocardial infarction. The 7% inci- 
dence of myocardial infarction during follow-up 
among the 55 diabetic men without ST segment 
depression after exercise was significantly lower 
than that among men with ST segment depression 
(p < 0.05). The latter study was restricted to male 
diabetic patients and did not assess the incremental 
value of exercise test variables compared to clinical 
variables. 


In a study of healthy men living in the Seattle 
area, Bruce et al.” noted that the treadmill ECG 
provided important information predictive of future 
coronary events but only in men with at least one 
risk factor for coronary artery disease. Similarly 
Hopkirk et al.” noted that exercise ECG abnormali- 
ties observed in asymptomatic men helped predict 
angiographic coronary artery disease but were most 
helpful when the individuals tested had hypercho- 
lesterolemia. 

Results of the present study show the incremental 
value of the exercise test for prediction of clinical 
coronary disease in patients with type I diabetes. No 
single clinical variable or combination of clinical 
variables provided the predictive information for 
future clinical coronary disease provided by the 
treadmill peak heart rate. Other risk factors for 
coronary artery disease (including serum lipid levels, 
age, sex, and cigarette smoking) have been predic- 
tive of coronary events in diabetic patients in large 
epidemiologic studies but were not independent 
predictors in the present study. This may reflect the 
smaller population size in the present study and 
does not detract from the potential importance of 
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factors such as severe hyperlipidemia as predictors 
of clinical coronary artery disease in diabetic 


patients.” The findings do suggest that the peak 
treadmill heart rate is a more important predictor of 


clinical coronary artery disease than other clinical 
and exercise test risk factors. 

The mechanism by which peak exercise heart rate 
predicts subsequent clinical coronary artery disease 
is unclear. Positive exercise ECGs at the time of 
entry into the study were observed in only 3 of the 
14 patients in whom clinical coronary disease devel- 
oped. This suggests that at the time of entry into the 
study, exercise-induced myocardial ischemia was 
not the only mechanism responsible for a low peak 
exercise heart rate in those diabetic patients in 
whom overt coronary disease later developed. A 
lower peak exercise heart rate might reflect a poorer 
general medical condition in some diabetic patients. 
However, in the present study a low peak exercise 
heart rate was usually noted in the absence of 
clinical hypertension, diabetic nephropathy, or clau- 
dication. It is possible that a low peak exercise heart 
rate identifies diabetic patients with “chronotropic 
incompetence’! related to autonomic neuropathy or 
occult ischemia. It is also possible that a low peak 
heart rate may in some way indicate patients with 
more severe diabetes mellitus who may then be 
prone to more rapid development of coronary ath- 
erosclerosis. 

A number of possible limitations of the present 
type of analysis should be considered. Detection of 
angiographic coronary artery disease could result 
from referral for invasive testing for clarification of 
the exercise ECG results, producing a selection bias. 
In the present study, however, angiographic detec- 
tion of coronary artery disease only occurred in 
patients with chest pain suggestive of angina pecto- 
ris and not in asymptomatic patients. No study 
patient was referred for invasive testing solely on the 
basis of the ECG result. A second limitation of the 
present analysis relates to limitations in the practi- 
cal application of study findings. The continuous 
variable peak treadmill heart rate best predicted 
clinical coronary disease at follow-up. However, a 
commonly used target peak heart rate (in this case 
90% of predicted maximal heart rate) identified 
only 57% of diabetic patients with subsequent 
development of clinical coronary disease and also 
identified 49% of the diabetic patients in whom 
clinical coronary disease did not develop. Examina- 
tion of Fig. 1 suggests that a particular peak heart 
rate (e.g, a cutoff heart rate of more than 175 
beats/min) might maintain a high level of prognostic 
sensitivity with a satisfactory level of specificity. 
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Such a cutoff was not prospectively tested in the 
present study and cannot be recommended for 
clinical use until prospective testing is performed in 
a separate study. 

` The present study did not focus on those asymp- 
tomatic diabetic patients with an abnormality on 
the resting ECG. Nevertheless, four of the six dia- 
betic patients who were excluded from this study 
because of an abnormal resting ECG had a fatal or 
life-threatening coronary event during the follow-up 
period. This suggests an important prognostic role 
for resting ECG abnormalities in diabetic patients 
without cardiac symptoms. 

In this study the presence of either abnormal or 
inconclusive results of treadmill exercise testing or 
retinal neovascularization identified 657% of 
patients in whom clinical coronary disease devel- 
oped during 100 months of follow-up with a specific- 
ity of 70%. However, limitations of diabetic retinop- 
athy for prediction of coronary events have been 
reported. Krolewski et al.? examined clinical vari- 
ables from 292 insulin-dependent diabetic patients 
for predictors of angina pectoris, acute myocardial 
infarction, and cardiac death. After follow-up peri- 
ods ranging from 20 to 40 years no relationship was 
found between proliferative retinopathy and coro- 
nary events. 

Serial treadmill exercise tests rather than a single 
entrance test would likely have improved the sensi- 
tivity for prediction of subsequent clinical coronary 
disease. In the present study an abnormal or incon- 
clusive treadmill exercise result identified each 
patient in whom clinical coronary disease developed 
during the first half cf the median follow-up interval 
(50 months). After 50 months the entry treadmill 
ECG produced little further predictive information- 
and patient age became an increasingly important 
predictor. This suggests that repeated treadmill 
exercise testing might have produced renewed pre- 
dictive information. Alternatively exercise radionu- 
clide testing might provide a more sensitive method 
for identifying patients at increased risk for late 
coronary events. It has been suggested that exercise 
left ventricular function may be abnormal in diabet- 
ic patients in the absence of coronary artery dis- 
ease.** This might limit the specificity of exercise 
radionuclide ventriculography for prediction of cor- 
onary artery disease. Exercise scintigraphic abnor- 
malities have been described in diabetic patients in 
whom thallium-201 was used, but thallium-201 
scintigraphy is a costly approach to screening for 
coronary artery disease and provided no diagnostic 
advantage compared to treadmill exercise test 
parameters in a recent study.” 
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We conclude that graded exercise testing provides 
information predictive of future clinical coronary 
disease in asymptomatic patients with type I diabe- 
tes and that this information is not available from 
commonly used clinical predictors. The peak tread- 
mill heart rate contains predictive information that 
appears to be more important than the results of 
exercise ECGs in this population, but prospective 
confirmation by means of a chosen cutoff is neces- 
sary. 


This study would not have been possible without the extraor- 
dinary ‘contribution of the late Dr. Harvey C. Knowles who was 
the personal physician for each of the study participants. The 
assistance of Rebecca Jackson in maintaining patient follow-up is 
also gratefully acknowledged. The support of the General Clinical 
Research Center MO1 (RR 00068) is also acknowledged. 
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Use of aspirin for prevention of cardiovascular 
disease— 1981-82 to 1985-86: The Minnesota 


Heart Survey 


The efficacy of aspirin to prevent ischemic cardiovascular disease has received considerable 
attention recently. To determine the prevalence of aspirin use for cardiovascular disease 
prevention, the Minnesota Heart Survey examined population-based samples of Twin Cities’ 
adults in 1981 to 82 and 1985 to 86. Over the 4-year period, reported use of aspirin for 
cardiovascular disease prophylaxis increased from 0.6% to 2.4% in women (p < 0.05) and from 
1.7% to 3.3% in men (p = 0.10). Prophylactic aspirin use was more common in older than in 
younger adults, in whites than in blacks, in those with a history of cardiovascular disease or 
hypercholesterolemia, and in health professionals and nonsmokers. Some individuals were 
apparently taking aspirin for “primary”? prevention, although it has not yet been approved for 
that reason. Use of aspirin for cardiovascular disease prevention has been increasing and is 
likely to increase more rapidly over the next few years. This could favorably impact on mortality 
rates of cardiovascular disease, but untoward side effects of aspirin may be expected io 


increase as well. (Am Heart J 1988;116:827.) 


Aaron R. Folsom, MD, Hiroyasu Iso, MD,* J. Michael Sprafka, PhD, 
Stanley A. Edlavitch, PhD, and Russell V. Luepker, MD. Minneapolis, Minn. 


Regular aspirin use has proven efficacy in the sec- 
ondary prevention of ischemic cardiovascular dis- 
ease. Patients with transient ischemic attacks, 5 
unstable angina," and myocardial infarction? ** are 
less likely to experience recurrent or fatal ischemic 
sequelae if taking aspirin. The U.S. Food and Drug 
Administration has approved aspirin for the second- 
ary prevention of ischemic cardiovascular disease‘; 
however, the drug’s efficacy for primary prevention 
has only recently been suggested. In a study of U.S. 
physicians,’ 325 mg of aspirin taken every other day 
reduced myocardial infarction risk by 47%, 
although total cardiovascular deaths were not 
reduced. In contrast, a smaller study of British 
physicians® found 500 mg of aspirin daily had no 
effect on the incidence of myocardial infarction. 
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The possible beneficial effects of prophylactic 
aspirin have received considerable media attention. 
However, there are few data on population-wide use 
of aspirin for prevention of cardiovascular disease. 
We report data from the Minnesota Heart Survey on 
the use of aspirin for cardiovascular disease preven- 
tion between 1981 to 82 and 1985 to 86. 


METHODS 


The Minnesota Heart Survey investigates the causes of 
declining cardiovascular diseases by monitoring trends in 
morbidity, mortality, and risk factors in Minnesota popu- 
lations. Risk factor surveys have examined adults in the 
Twin Cities since the early 1980s. Households in the 
seven-county metropolitan area were sampled by means of 
a random cluster design, and one age-eligible respondent 
was selected per household for detailed cardiovascular 
survey measurements. Surveys were conducted in cross- 
sectional samples of 25- ta 74-year-old Twin Cities’ resi- 
dents in 1981 to 82 and 1885 to 86.° These samples were 
over 95% white. In addition, in 1985 approximately 1200 
Minneapolis black residents ages 35 to 74 years were 
examined to obtain risk factor levels in that population 
subgroup.” 

Participants underwent a home interview and subse- 
quently were invited to a survey center for physiologic 
measurements. The response rate to the home interview 
averaged 78% to 90% for the three surveys. During the 
home interview, participants were asked questions about 
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Table |. Prevalence (%) of regular aspirin use and aspirin use for cardiovascular disease (CVD) prevention by age 


and sex, Twin Cities, 1981-82 and 1985-86 














Men Women 
Age group 1981-82 1985-86 1985 Blacks 1981-82 1985-86 1985 Blacks 

25-34 years 

Number of subjects 305 458 — 310 499 —— 

Regular aspirin use (%)* 7.9 7.6 — 9.7 6.6 _ 

Aspirin for CVD prevention (%)* 0.3 0.9 — 0.0 0.6 — 
35-54 years 

Number of subjects 227 642 845 398 689 441 

Regular aspirin use (%) 7.0 10.0 7.8 11.0 11.6 11.6 

Aspirin for CVD prevention (%) 0.3 2.6 L1 0.3 1.0 0.9 
55-74 years 

Number of subjects 162 299 202 260 344 263 

Regular aspirin use (%) 13.6 19.4 12.4 14.6 19.8 14.0 

Aspirin for CVD prevention (%) 6.2 TA 2.0 1.9 6.4 2.7 
Total 

Number of subjects 794 1399 547 968 1532 704 

Regular aspirin use (%)t 8.8 11.6 6.6 11.6 12.5 9.3 

(95% confidence interval) (6.9, 10.8) (9.9, 13.3) (4.5, 8.7) (9.6, 13.6) (10.8, 14.2) (7.2, 11.4) 
Aspirin for CVD prevention (% )+ 1.7 3.3 1.0 0.6 2.4 1.2 
(95% confidence interval) (0.8, 2.6) (2.4, 4.2) (0.2, 1.8) (0.1, 1.1) (1.6, 3.2) (0.4, 2.0) 





*Percent of the total sample. 
+Age-adjusted to the combined 25- to 74-year-old sample distribution. 


cardiovascular disease and its risk factors, including 
“Have you ever been hospitalized for a week or more for a 
heart attack or stroke?”, and were given an interview on 
exertional angina developed by Rose." Subjects were also 
asked “Are you taking aspirin on a regular basis?” and if 
so, “For what purpose are you taking aspirin?” The 
interviewer then recorded if the participant mentioned 
either “to avoid a heart attack or stroke,” or, more 
generally, “because of a previous heart attack or 
stroke.” 

In the latter two surveys, a concomitant medication 
questionnaire was used to record all prescription and 
over-the-counter products taken in the 2 weeks prior to 
the survey. Subjects were asked to bring their medication 
containers to the survey center, where dose and frequency 
of use during the prior 2 weeks were recorded. “Regular” 
aspirin use was defined, for comparison with the home 
interview questions, as use on at least 7 of the prior 14 
days. In the 1985 survey of blacks, the percent agreement 
between the home interview question on regular aspirin 
use and the medication questionnaire was 92%; kappa 
statistic” was 0.53. In the 1985 to 86 general survey, the 
agreement rate was also 92% and kappa statistic was 0.52. 
These agreement rates changed very little whether the 
medication questionnaire definition considered aspirin as 
a separate drug entity or in combination drugs. Thus the 
question about utilization of aspirin had relatively good 
reliability. 

The primary objectives of the present analysis were (1) 
to estimate trends between 1982 and 1986 in the preva- 
lence of regular aspirin use for cardiovascular disease 
prevention and (2) to examine what factors are associated 





with the prophylactic use of the drug. We also estimated 
what proportion of participants might be taking aspirin 
for “secondary” prevention vs “primary” prevention (even 
though aspirin has not yet been approved for primary 
prevention of cardiovascular disease). We assumed that 
participants who reported a prior history of heart attack, 
stroke, or exertional angina were taking aspirin for sec- 
ondary prevention and that those with no such medical 
history were taking the drug for primary prevention. 


RESULTS 


Table I shows the prevalence of regular aspirin 
use and use for prevention of heart attack or stroke 
in the 1981 to 82 general survey of the Twin Cities’ 
population, the 1985 to 86 general survey, and the 
1985 survey of Minneapolis black residents. Women 
used aspirin regularly slightly more often than men. 
On the other hand, men were more likely than 
women to be taking aspirin for prevention of cardio- 
vascular disease. However, these sex differences 
were not statistically significant. Both regular and 
prophylactic aspirin use increased significantly with 
age. Black participants in 1985 had lower prevalence 
of use than the corresponding general Twin Cities’ 
sample. 

Between 1981 to 82 and 1985 to 86, regular aspirin 
use for any reason in the Twin Cities increased 
nonsignificantly from 8.8% to 11.6% in men and 
from 11.6% to 12.5% in women. Prevalence of 
aspirin use for cardiovascular disease prevention 
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was low, but it doubled in men (1.7% to 3.8%) and 
quadrupled in women (0.6% to 2.4%) over the 
4-year period. The statistical test for trend was 
significant for women (p < 0.05) but not quite sig- 
nificant for men (p = 0.10). 

Table II shows characteristics related to aspirin 
use for cardiovascular disease prevention among 
those ages 55 to 74 years. Regular prophylactic use 
was generally greater in those with higher education 
levels, and greater in health professionals than in 
non-health professionals. Persons with a previous 
hospitalization for heart attack or stroke, a positive 
history of exertional angina or hypercholesterol- 

. emia, and nonsmokers were generally more likely to 
be using aspirin prophylactically than those without 
these characteristics. In 1985 to 86, 20.6% of partic- 
ipants with exertional angina and 36.4% of those 
with a prior heart attack or stroke were taking 
aspirin for preventive purposes (presumably second- 
ary prevention). On the other hand, 4% to 6% of 
individuals who denied a history of cardiovascular 
disease were taking aspirin prophylactically (possi- 
bly for primary prevention). In those without a 
history of cardiovascular disease, as with the total 
sample, there was greater use of aspirin by hyper- 
cholesterolemic individuals, nonsmokers, and health 
professionals. 

In the 1985 to 86 general survey, and in the 1985 
survey of black residents, data were available on 
aspirin dose. Approximately 50% of participants 
taking aspirin to prevent cardiovascular disease 
were taking doses of 325 mg per day, and about 35% 
were taking 650 mg per day. The remaining 15% 
were fairly equally split between lower and higher 
daily doses. 


DISCUSSION 


Aspirin has known antithrombotic actions. By 
inhibiting the enzyme cyclooxygenase, it prevents 
production of thromboxane A, in platelets.*? In 
myocardial infarction patients, aspirin therapy for 
secondary prevention results in about a 25% reduc- 
tion in risk of subsequent death or reinfarction.” 5 
In unstable angina patients, aspirin reduces risk of 
an event by over 35%.?° In transient ischemic 
attack, aspirin therapy reduces risk of stroke or 
death by about one fourth.t? While aspirin’s role in 
secondary prevention of cardiovascular disease is 
striking, its role in primary prevention is less well 
established. The U.S. physicians’ trial” showed clear 
efficacy for preventing myocardial infarction, but 
other cardiovascular end points increased slightly 
with aspirin use. Aspirin was not efficacious in the 
study of British physicians.® 
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Table Il. Prevalence* of aspirin use to prevent cardiovas- 
cular disease among 55- to 74-year-old adults, Twin Cities, 
1981-82 and 1985-86 








1981-82 1985-86 1985 Black 
Characteristic (%) (%) (%) 
Education level 
= High school 2.2 5.6 2.0 
graduate 
> High school 5.8 8.3 3.1 
graduate 
Health professionalt . 
Yes 14.7, 10.6 5.4 
No 2.6 6.4 1.8 
Previous hospitalization for heart attack or stroke 
Yes 14.6, 36.4, 6.7 
No 2.1 4.1 1.9 
Exertional angina 
Yes NA§ 20.6, 3.2 
No NA 6.1 2.3 
Told hypercholesterolemic by physician 
Yes 12.1, 8.1 6.5 
No 2.0 6.6 1.8 
Told hypertensive by physician 
Yes 3.8 8.8 2.2 
No 3.4 5.4 2.6 
Cigarette smoker í 
Yes 2.7 4.4 2.5 
No 6.4 8.9 3.0 





*Data represent the percent of subjects with (or without) a given charac- 
teristic who report using aspirin regularly to prevent a heart attack or 
stroke. 

tp < 0.05 for a chi square test of overall differences in prevalence between 
levels of the characteristic within survey samples. 

tHealth professionals defined.as a physician, nurse, or other professional 
who might be called on in ar emergency to provide medical care. 

§NA = not asked. 


A U.S. national survey found in 1976 that 23.0% 
of adults had used aspirin in the prior week. Aspirin 
use increased with age and ill health, and was 
slightly greater in whites than in blacks," similar to 
our Twin Cities’ findings. 

National data“ on trends in aspirin use indicate 
no detectable change in overall use by adults 
between 1980 and 85. However, to our knowledge, no 
study has estimated the population prevalence of 
aspirin use for prevention of cardiovascular disease. 
Such use is relatively low and thus requires substan- 
tial sample sizes for measurement. We found that 
aspirin prophylaxis increased substantially in the 
Twin Cities’ population over the 4 years ending in 
1986; the increase was fourfold in women and two- 
fold in men. Much prophylactic use was apparently 
for secondary prevention of cardiovascular disease, 
evidenced by the fact that in 1985 to 86, 36% of 55- 
to 74-year-olds with a previous heart attack or 
stroke were using aspirin prophylactically. However, 
prior to any published evidence of efficacy, a small 
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proportion of the population apparently was using 
aspirin for primary prevention of cardiovascular 
disease (especially health professionals, hypercho- 
lesterolemic individuals, and nonsmokers), although 
it is possible that these participants in fact had 
previously diagnosed cardiovascular disease that 
was missed by our questionnaires. Our survey did 
not determine whether preventive actions related to 
aspirin use were self-motivated or physician-moti- 
vated. In similar cardiovascular surveys focusing on 
cholesterol control, we have found that some people 
mistakenly believe that aspirin can lower blood 
cholesterol concentrations (inpublished observa- 
tions). 

A potential shortcoming of our study is the valid- 
ity of self reports of aspirin use. Reported regular 
use of aspirin agreed fairly well with aspirin use 
assessed by a separate medication: questionnaire. 
However, it might be speculated that aspirin use for 
prevention was either underreported, because only 
spontaneously offered reasons for using aspirin were 
recorded, or overreported, because participants 
knew the survey assessed cardiovascular risk factors. 
We do not have data to address either of these 
possibilities but consider both unlikely. 

Twelve percent of Twin Cities’ adults reported 
regular use of aspirin. We suspect that with the 
recent, wide-spread media attention given to the 
early termination of the aspirin trial in U.S. physi- 
cians, more adults will begin regularly taking aspi- 
rin, often improperly and without regard to contra- 
indications. Physicians should be aware of the possi- 
bilities of inappropriate self-medication. Neverthe- 
less, if aspirin prevents or postpones ischemic events 
at the doses being taken, then its increasing use 
might have a significant public health impact on 
cardiovascular disease occurrence in the peed 
States. 
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PROCARDIA indications: Patients with proven or suspected 
vasospastic angina, and patients with classic effort angina who 
remain symptomatic despite adequate doses of beta blockers and/or 
nitrates or who cannot tolerate these agents. 
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PROCARDIA 


(NIFEDIPINE) 
PREVENTS THE PAIN... 
PROTECTS THE ANGINA PATIENT 
AT EVERY STAGE 


Suppty/Demanp ®@ PROCARDIA increases myocardial oxygen 
supply and reduces demand 


LV Function @ PROCARDIA helps to maintain or enhance 
parameters of left ventricular function! 


ECG CHances @ PROCARDIA decreases the incidence of 
ischemic ECG changes? 


ANGINA @ PROCARDIA reduces episodes of both 
painful and painless ischemia? 
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Brief Summary 
PROCARDIA? (nifedi ino) paceaies For Oral Use 
INDICATIONS AND USAGE: |. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the management of va- 


Sospastic angina confirmed by any of the following criteria: 1) classical pattern of angina at rest accompanied by ST seg- 
ment elevation, 2) angina or coronary artery spasm provoked by ergonovine, or 3) angiographically demonstrated 
coronary artery spasm. In those patients who have had angiography, the presence of significant fixed obstructive disease 
is not incompatible with the diagnosis of vasospastic angina, provided that the above criteria are satisfied. PROCARDIA 
may also be used where the clinical presentation suggests a possible vasospastic component but where vasospasm has 
not been confirmed, e. f where pain has a variable threshold on exertion or in unstable angina where electrocardiographic 
findings are compatible with intermittent vasospasm, or when angina is refractory to nitrates and/or adequate doses of 
beta blockers 

Il. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated tor the Management of 
chronic stable angina (effort-associated angina) without evidence of vasospasm in patients who remain symptomatic de- 
Spite adequate doses of beta blockers and/or organic nitrates or who cannot tolerate those agents. 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled trials of up to eight 
weeks duration in reducing angina frequency and increasing exercise tolerance, but confirmation of sustained effective- 
Ness and evaluation of long-term safety in these patients are incomplete 

Controlled studies in smal! numbers of patients suggest concomitant use of PROCARDIA and bela-blocking agents may 
be beneficial in patients with chronic stable angina, but available information is not sufficient to predict with confidence 
the effects of concurrent treatment, especially in patients with compromised left ventricular function or cardiac concuction 
abnormalities. When introducing such concomitant therapy, care must be taken to monitor blood pressure closely since 
severe hypotension can occur from the combined effects of the drugs. (See WARNINGS.) 

CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA 

WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect af PROCARDIA is modest and 
well tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually 
Occurred during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in patients 
On concomitant beta blockers 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving PROCARDIA 
together with a beta blocking agent who underwent coronary artery bypass surgery using high dose fentanyl anesthesia 
The interaction with high dose fentanyl appears to be due to the combination of PROCARDIA and a beta blocker, but the 
possibility that it may occur with PROCARDIA alone, with low doses of fentanyl, in other surgical procedures, or with other 
narcotic analgesics cannot be ruled out. In PROCARDIA treated patients where surgery using high dose fentanyl anesthe- 
sia is contemplated, the physician should be aware of these potential problems and, if the Patient's condition permits, suf- 
ticient time (at least 36 hours) should be allowed for PROCARDIA to be washed out of the body prior to surgery. 
Increased Angina and/or Myocardial Infarction: Rarely, patients, particularly those who have severe obstructive cor- 
onary artery disease, have developed well documented increased frequency, duration and/or severity of angina or acute 
myocardial infarction on starting PROCARDIA or at the time of dosage increase. The mechanism of this effect is not 
established 
Beta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with in- 
creased angina, probably related to increased sensitivity to catecholamines. Initiation of PROCARDIA treatment will not 
prevent this occurrence and might be expected to exacerbate it by provoking reflex catecholamine release. There have been 
Occasional reports of increased angina in a setting of beta blocker withdrawal and PROCARDIA initiation. It is important to 
taper beta blockers if possible, rather than stopping them abruptly betore beginning PROCARDIA 
Congestive Heart Failure: Rarely, patients, usually receiving a beta blocker, have developed heart failure alter beginning 
PROCARDIA. Patients with tight aortic stenosis may be at greater risk for such an event 
PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, careful moni- 
toring of blood pressure during the initial administration and titration of PROCARDIA is suggested. Close observation 
is ey recommended for patients already taking medications that are known to lower blood pressure. (See 
WARNINGS.) 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and not due to 
lett ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA This edema occurs primarily in 
the lower extremities and usually responds to diuretic therapy. With patients whose angina is complicated by congestive 
heart failure, care should be taken to differentiate this peripheral edema from the effects of increasing left ventricular 
dysfunction. 

Laboratory tests: Rare. usually transient, but occasionally significant elevations of enzymes such as alkaline phos- 
phatase, CPK, LDH, SGOT and SGPT have been noted. The relationship to PROCARDIA therapy is uncertain in most cases. 
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PROCARDIA 


(N IF EDI P | NE) Capsules 10 mg and 20mg 


PREVENTS THE PAIN... 
PROTECTS THE ANGINA PATIENT 


.. With an Excellent Side-Effects Profile 


PROCARDIA side effects are usually mild and include dizziness, 
peripheral edema, nausea, weakness, headache and flushing 
(each in about 10% of patients); transient hypotension (about 5%) 
exacerbation of angina occurs rarely. 


but probable in some. These laboratory abnormalities have rarely been associated with clinical symptoms, however, cho- 
lestasis with or without jaundice has been reported. Rare instances of allergic hepatitis have been reported 

Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet aggregation and 
increase in bleeding time in some PROCARDIA (nifedipine) patients. No clinical significance tor these findings has been 
demonstrated. Positive direct Coombs test with/without hemolytic anemia has been reported 

Although PROCARDIA has been used safely in patients with renal dysfunction and has been reported to exert a benefi- 
cial effect in certain cases, rare, reversible elevations in BUN and serum creatinine have been reported in patients with pre- 
existing chronic renal insufficiency. The relationship to PROCARDIA therapy is uncertain in most cases but probable in 


some 

Drug interactions: Beta-adrenergic blocking agents: (See INDICATIONS and WARNINGS ) Experience in over 1400 pa- 
tients in a non-comparative clinical trial has shown that concomitant administration of PROCARDIA and beta-blocking 
agents is usually well tolerated, but there have been occasional literature reports suggesting that the combination may in- 
crease the likelihood of congestive heart failure, severe hypotension or exacerbation of angina. 

Long-acting nitrates: PROCARDIA may be safely co-administered with nitrates, but there have been no controlled stud- 
ies to evaluate the antianginal effectiveness of this combination. 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal volunteers. The 
average increase was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coronary ar- 
tery disease. In an uncontrolled study of over two hundred patients with congestive heart failure during which digoxin 
blood levels were not measured, digitalis toxicity was not observed. Since there have been isolated reports of patients with 
elevated digoxin levels, it is recommended that digoxin levels be monitored when initiating, adjusting, and discontinuing 
PROCARDIA to avoid possible over- or under-digitalization 

Coumarin anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin an- 
ticoagulants to whom PROCARDIA was administered 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (80%) 
and area-under-the-curve (74%) after a one week course of cimetidine at 1000 mg per day and nifedipine at 40 mg per day. 
Ranitidine produced smaller, non-significant increases. It nifedipine therapy is initiated in a patient currently receiving 
cimetidine, cautious titration is advised 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats for two years 
and was not shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility ata dose ap- 
proximately 30 times the maximum recommended human dose. /n vivo mutagenicity studies were negative. 

Preia, Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats and embryotoxic in rats, mice 

and rabbits. There are no adequate and well controlled studies in pregnant women. PROCARDIA should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. 
ADVERSE REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral edema, nau- 
Sea, weakness, headache and flushing, each occurring in about 10% of patients, transient hypotension in about 5%, pal- 
pitation in about 2% and syncope in about 0.5%. Syncopal episodes did not recur with reduction in the dose of 
PROCARDIA or concomitant antianginal medication. Additionally, the following have been reported: muscle cramps, nerv- 
Ousness, dyspnea, nasal and chest congestion. shortness of breath, diarrhea, Constipation, gastrointestinal cramps, flat- 
ulence, inflammation, joint stiffness, shakiness, jitteriness, sleep disturbances, blurred vision, difficulties in balance, 
dermatitis, pruritus, urticaria, fever, sweating, chills, sexual difficulties, thrombocytopenia, anemia, leukopenia, purpura, 
allergic hepatitis, gingival hyperplasia, depression, paranoid syndrome, transient blindness at the peak of plasma level, 
erythromelalgia, and arthritis with ANA ( + ). Very rarely, introduction of PROCARDIA therapy was associated with an in- 
crease in anginal pain, possibly due to associated hypotension. 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the dis- 

ease in these patients. It remains possible, however, that some or many of these events were drug related. Myocardial in- 
farction occurred in about 4% of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular 
arrhythmias or conduction disturbances each occurred in fewer than 0.5% of patients 
HOW SUPPLIED: PROCARDIA soft gelatin capsules are Spolleg in: 
Bottles of 100: 10 ia (NDE 0069-2600-66) orange #260; 20 mg (NDC 0069-26 10-66) orange and light brown #261, Bot- 
tles of 300: 10 mg (NDC 0069-2600-72) orange #260; 20 mg (NDC 0069-2610-72) orange and light brown #261. Unit 
An packages of 100: 10 mg (NDC 0069-2600-41) orange #260; 20 mg (NDC 0069-2610-41) orange and light brown 
#261 


The capsules should be protected from light and moisture and stored at controlled room temperature 59° to 77°F (15° to 
25°C) in the manufacturer's original container. 


More detailed professional information available on request. © 1982, Pfizer Inc. 
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Noncardiac surgery in the cardiac patient 


Scott J. Deron, DO, and Morris N. Kotler, MD. Philadelphia, Pa. 


The development of a perioperative myocardial 
infarction carries with it an unacceptably high mor- 
tality rate of 50% to 70%.! Although the etiology of 
such a high death rate is multifactorial, the high 
incidence of silent infarction appears to be a major 
contributing factor. It has been estimated that 60% 
of all perioperative infarctions are without overt 
clinical ischemia.’ The necessary use of sedation and 
analgesia as well as the development of hypotension 
during induction or in the intraoperative period are 
major factors in the pathogenesis of perioperative 
myocardial infarction. 

Patients cannot be optimally managed if an ische- 
mic event goes unnoticed. Accordingly, patients at 
risk for such events need to be recognized preopera- 
tively. Once risk factors are identified, the patient 
may then be evaluated for possible risk factor 
modification with the goal of absolute minimal 
overall perioperative morbidity and mortality. 


ASSESSMENT OF RISK 


In a well-designed attempt to develop statistically 
valid predictors of cardiac risk, Goldman et al.’ 
prospectively evaluated and followed 1001 patients 
undergoing major noncardiac surgery at the Massa- 
chusetts General Hospital. Nine independent risk 
factors for life-threatening cardiac complications 
were identified by multivariate analysis. They 
included the presence of a third heart sound; neck 
vein distension; myocardial infarction within the 
preceding 6 months; rhythm other than sinus or the 
presence of more than five premature ventricular 
contractions documented at any time preoperative- 
ly; an intraabdominal, intrathoracic, or aortic surgi- 


cal procedure; age more than 70 years; significant - 


aortic stenosis on examination; emergency opera- 
tion; or general medical disorders were all associated 


with an increased risk of an untoward cardiovascular. 
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event. A numerical score was suggested to stratify 
patients into high- and low-risk categories. 

Prospective evaluation of the Goldman cardiac 
risk indices has been undertaken by several investi- 
gators.** Jeffrey et al.’ demonstrated an overall 
underestimation of the complication rate for 
patients undergoing elective abdominal aortic aneu- 
rysm repair. The index did, however, help stratify 
patients into high- and low-risk categories. In a 
random sampling of 268 patients who underwent . 
preoperative medical consultations. Detsky et al.‘ 
also demonstrated risk stratification. In their four 
patients in the highest risk class, the cardiac compli- 
cation rate was 100%. The largest prospective eval- 
uation of the cardiac risk index was performed by 
Zeldin, who personally evaluated 1140 patients 
from several hospitals in Toronto. With the excep- 
tion of patients in Goldman class IV, complication 
rates were quite similar to that originally reported 
by Goldman et al. Because patients in class IV were 
given more intensive perioperative care, a much 
lower complication rate of 30% occurred in the 
Toronto series, as compared to a complication rate 
of 78% in the series of Goldman et al. 

Risk factor identification was undertaken in 100 
geriatric patients (age more than 65 years) who 
underwent noncardiac surgery.® Results of history 
and physical examination, electrocardiogram 
(ECG), laboratory values, chest radiography, and 
cardiac risk index were subjected to multivariate 


analysis. The presence of one or more Goldman 


indicators was found tc be an independent predictor 
of postoperative cardiac complications (p < 0.05). 
The addition of resting and exercise ventriculogra- 
phy to the analysis resulted in only two independent 
predictors of risk. Resting regional wall motion 
abnormality and the inability to perform supine 
bicycle exercise to elevate the.heart rate beyond 99 
beats/min resulted in a 1.3 and an elevenfold 
increase, respectively, in perioperative cardiac com- 
plication rate. In a prospective evaluation of 
patients that took into account the above observa- 
tions, inability to perform the exercise was found to 
be the only independent predictor of cardiac compli- 
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cations in 55 patients more than 65 years of age who 
were evaluated. 

The Goldman study was significant not only for 
what was associated with increased cardiac risk, but 
also for what was not associated with increased risk. 
Compensated heart failure (absence of an S, or neck 
vein distension), bundle branch block, mitral valvu- 
lar disease without heart failure, cardiomegaly, ST- 
T changes on the ECG, chronic stable angina, 
hypertension, smoking, diabetes, myocardial infarc- 
tion more than 6 months prior to surgery, or the 
presence of peripheral vascular disease did not 
predispose to a significant cardiac event periopera- 
tively. 


PRIOR MYOCARDIAL INFARCTION 


‘As medical technology and capability advance, 
more patients survive myocardial infarction and 
may ultimately present themselves for elective sur- 
gery. The effect of prior infarction on risk of subse- 
quent perioperative infarction was examined by 
Knapp et al.” Six percent of the 427 patients with a 
history of prior infarction ultimately suffered rein- 
farction. This is in contrast to 59 of 8557 patients 
(0.7%) who infarcted perioperatively and lacked a 
history of prior myocardial infarction. The study 
population involved men more than 50 years of age. 
Similar data were reported from the Mayo Clinic, 
where the case records of 32,877 patients were 
reviewed. Patients older than 30 years of age who 
underwent general anesthesia formed the basis of 
that report. Preoperative history of myocardial 
infarction was present in 422 patients. Postoperative 
reinfarction developed in 6.6% of patients (28 of 
422), compared to a postoperative infarction rate of 
0.18% in patients without prior infarction. These 
studies demonstrate an approximate fiftyfold 
increase in perioperative infarction in the patient 
with previous infarction. 

Not only is the presence of prior myocardial 
infarction an important finding in patients about to 
undergo surgery, but the timing of that infarction is 
critical. Data from the Mayo Clinic® demonstrated a 
387% incidence of postoperative infarction in 
patients who had their infarct within 3 months of 
the proposed surgery. The incidence decreased to 
16% for infarcts occurring 3 to 6 months prior to the 
proposed surgery and ultimately leveled off to 
approximately 5% after 6 months post-infarction. 

The presence of prior myocardial infarction more 
than 6 months prior to proposed surgery was not 
found to be a predictor of cardiac events in the series 
of Goldman et al. Obviously, patients having suf- 
fered a prior infarction are a heterogeneous group 
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with respect to residual coronary disease. Patients 
with single-vessel disease and completed infarction 
comprise a different group of patients from those 
with subtotal stenoses in noninfarct-related vessels. 
It then appears likely that patients with a greater 
degree of residual coronary artery disease will be at 
higher risk. 

All but emergency surgery is contraindicated 
within 3 months of a myocardial infarction. Ideally, 
surgery should be delayed until 6 months after 
infarction. Although surgery is relatively contraindi- 
cated 3 to 6 months post myocardial infarction, the 
risk of significant perioperative cardiovascular com- 
plications is considerably less than within the first 3 
months. 


EFFECTS OF REVASCULARIZATION 


With the widespread application of coronary 
bypass surgery in the 1970’s, a series of reports 
examined the impact of revascularization on conse- 
quent perioperative myocardial infarction. Mahar et 
al.” evaluated the records of 49 patients with angio- 
graphically documented coronary artery disease who 
underwent 58 operative procedures over a 9-year 
period at the Mayo Clinic. This group was compared 
to 99 patients undergoing a total of 168 surgical 
procedures, all of whom had prior coronary artery 
bypass grafting 2 days to 84 months prior to surgical 
procedures (mean 22 months for patients with prior 
myocardial infarction, 32 months for patients with- 
out prior myocardial infarction). None of the group 
with prior coronary artery bypass grafts developed a 
perioperative infarction. Five percent of the initial 
group suffered infarction. In a similar study involv- 
ing a group of 58 patients with prior infarction 


‘undergoing general anesthesia and noncardiac sur- 


gery at Northwestern Reserve Memorial Hospital,’ 
two patients developed postoperative infarctions. 
Infarction did not occur in a subset of 14 patients 
undergoing prior myocardial revascularization. 

The impact of prior coronary artery bypass graft- 
ing on consequent perioperative mortality has been 
convincingly demonstrated from analysis of the 
Coronary Artery Surgery Study (CASS) registry.” 
Over a 4-year period, 1600 patients underwent major 
noncardiac surgery. Three hundred ninety-nine 
patients without significant obstructive coronary 
disease had a low operative cardiovascular mortality 
rate of 0.5% (2 of 399). This was not statistically 
different from the cardiovascular mortality rate of 
the group with significant coronary artery disease 
who underwent prior coronary artery bypass graft- 
ing (CABG) (0.9%, 7 of 743; p = 0.42). Substantially 
higher mortality. was found in the group of patients 


= 





Volume 116 
Number 3 


with significant coronary artery disease without 
prior coronary artery bypass grafts (2.4%, 11 of 458; 
p = < 0.009). 

Although experience is presently accumulating in 
the area of revascularization with percutaneous 
transluminal coronary angioplasty (PTCA) and non- 
cardiac surgery, no significant study has addressed 
this question. We have utilized this approach in an 
elderly woman with significant obstructive disease 
involving the left anterior descending coronary 
artery. Clinical resolution of ischemia was achieved 
with PTCA prior to surgical correction of a large 
abdominal aortic aneurysm. No untoward cardiovas- 
cular sequelae developed perioperatively. Whether 
angioplasty protects the patient from cardiac com- 
plications as effectively as prior bypass grafting 
needs to be answered with further comparative 
studies. 


ANGINA PECTORIS 


Patients with chronic stable angina do not appear 
to be at increased risk for perioperative infarction. 
This disorder was not found to be predictive in the 
Goldman cardiac risk index. Patients with chronic 
angina compromise a spectrum of coronary disease. 
The reliance on symptoms alone in classifying 
patients in a lower risk category may prove unwise. 
Recent reports’ have demonstrated the occur- 
rence of asymptomatic ischemia in patients with 
coronary disease. Whether the presence of silent 
ischemia alters perioperative risk is not known at 
this time. 

Of considerable clinical importance is the recogni- 
tion of a subgroup of patients in whom chronic 
stable angina definitely does not portend a benign 
perioperative course. Patients with symptomatic 
peripheral vascular disease and chronic stable angi- 
na are at increased risk of perioperative complica- 
tions.* 5 In order to determine the influence of the 


preoperative stress ECG on therapeutic alternatives _ 


and patient outcome, Arous et al." at the University 
of Massachusetts Medical Center reviewed the 
records of 135 patients in whom an ischemic 
response to exercise testing was demonstrated. 
Group I consisted of 56 patients undergoing periph- 
eral vascular surgery regardless of the stress test 
results. Group II consisted of 28 patients in whom an 
alternative surgical procedure was performed in 
light of stress ECG results. The third group (group 
III) was composed of 10 patients who had undergone 
CABG in addition to the proposed initial procedure 
at the same time. The final group consisted of 46 
patients (group IV) in whom the proposed surgery 
was cancelled in response to the ischemic stress 
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ECG. Myocardial infarction was diagnosed in 15 of 
56 patients in group I (27%). Eleven of the 15 
infarcts were fatal. In late follow-up, three more 
patients ultimately developed an infarction, for a 
total of 18 of 56 (82%). Four of the 23 patients 
(17%) -who underwent a less aggressive surgical 
procedure developed a postoperative infarction. Ten 
of the 46 patients (22%) of the group in which 
surgery was cancelled eventually developed fatal 
myocardial infarction within the 5-year follow-up 
period. None of the patients with combination coro- 
nary artery bypass graft and vascular surgery suf- 
fered an early or late ischemic cardiac event. 

By virtue of extensive atherosclerosis, patients 
with peripheral vascular disease are often unable to 
exercise sufficiently to alter the myocardial oxygen 
supply-demand equation and develop overt signs 
and symptoms of ischemia. Accordingly, angina 
pectoris, stress ECG ischemia, or nuclear scan evi- 
dence of ischemia are often absent in these patients. 
The utility of dipyridamole—thallium-201 imaging in 
this subset of patients has been reported by Boucher 
et al.” at the Massachusetts General Hospital. The 
capability of dipyridamole to increase coronary 
blood flow several-fold and to produce a steal syn- 
drome forms the basis of this technique. The study 
group consisted of 54 patients having either a histo- 
ry of chest pain, an abnormal resting ECG, or a 
history of prior myocardial infarction (MI). Patients 
with a normal ECG, no history of prior MI, and 
those lacking cardiac symptoms were excluded. Also 
excluded were those with unstable angina, high- 
grade ventricular ectopy, recent myocardial infarc- 
tion, congestive heart failure, or severe lung disease. 
Patients received 0.66 mg/kg dipyridamole intrave- 
nously over a 4-minute period with simultaneous 
monitoring of heart rate, blood pressure, and ECG. 
After 2 minutes, thallium was injected and scanning 
was begun. Reperfusion studies were performed 3 
hours later. The majority of patients (48 of 54) 
underwent the proposed surgical procedure; the 
remaining six underwent coronary arteriography. 

Of the original 48 patients, 16 were found to have 
an abnormal dipyridamole-thallium scan. Fifty per- 
cent of these patients went on to have a postopera- 
tive ischemic cardiac event. Five patients developed 
unstable angina and three developed an acute MI, of 
which one was fatal. Significant multivessel disease 
was discovered in all four of the seven surviving 
patients who had undergone cardiac catheterization. 
These patients ultimately went on to CABG surgery. 
The six patients who had coronary angiography 
preoperatively were all found to have significant 
multivessel disease. Four of these six underwent 
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CABG and then vascular surgery without incident. 
One patient had uneventful vascular surgery with- 
out prior CABG. 

Stress testing is mandatory in patients with symp- 
tomatic peripheral vascular disease, either with con- 
ventional exercise techniques or with oral dipyrida- 
mole-thallium imaging. Routine exercise testing is 
probably. indicated in patients without peripheral 
vascular disease and chronic stable angina to deter- 
mine the degree of myocardial jeopardy. The data 
suggest that patients with chronic stable angina 
overall have a fairly good perioperative prognosis; 
however, patients with evidence of a large area of 
reperfusion on thallium scanning are probably at 
substantially higher risk for an untoward cardiac 
event perioperatively. Serious consideration should 
be given to restoring blood flow in patients with 
large areas of thallium reperfusion prior to elective 
noncardiac surgery. 


LEFT VENTRICULAR DYSFUNCTION 


Goldman et al.’ have shown that congestive heart 
_failure is the strongest single predictor of postoper- 
ative pulmonary edema. One study demonstrated 
that patients with a history of congestive heart 
failure but no clinical signs of heart failure are three 
times as likely to develop postoperative pulmonary 
edema compared to controls without such a history. 
Clinical signs of left ventricular dysfunction 
increased the risk of perioperative pulmonary ede- 
ma eight times over controls. Another study” con- 
cluded that the more apparent the heart failure, the 
greater the likelihood of developing a life- threaten- 
ing perioperative cardiac event. 

All but emergency surgery should be postponed i in 
patients with overt congestive heart failure. When 
surgery is urgently indicated, systemic arterial and 
pulmonary artery pressures should be followed 
intraoperatively. Hemodynamic aberrations should 
be identified and corrected if possible. Patients with 
objective evidence of left ventricular dysfunction 
but: who clinically are not in heart failure should be 
optimally managed with invasive hemodynamic 
monitoring. Younger patients with mild left ventric- 
ular dysfunction undergoing nonthoracic and non- 
abdominal aortic procedures probably do not need 
such aggressive care. Older patients with a more 
severe degree of dysfunction are candidates for 
interventional procedures. 

Patients developing overt heart failure in the 
postoperative setting do so in a bimodal distribu- 
tion. The day of operation is often associated with 
aggressive hydration and therefore represents the 
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first opportunity for patients to develop pulmonary 
edema. The second most frequent time for develop- 
ing heart failure is day 2 or 3, where formerly 
third-spaced fluid is resorbed into the intravascular 


space. Hemodynamic monitoring should therefore 


be continued for a full 72 hours postoperatively. 


AORTIC VALVULAR DISEASE 


The finding of a systolic murmur characteristic of 
aortic stenosis requires further evaluation. If a 
patient with a murmur of this type complains of 
angina, syncope, or dyspnea, cardiac catheterization 
is indicated. Determination of valve area, overall 
ventricular function, and any associated coronary 
disease is necessary in this group of patients. If the 
examination is not consistent with critical stenosis 
and/or the patient is asymptomatic, two-dimension- 
al echocardiography and Doppler flow echocardio- 
graphy can identify significantly stenotic lesions 
that in turn will require further invasive evaluation. 
Those patients with aortic valve sclerosis but no 
significant gradient across the aortic valve and 
normal left ventricular function presumably are not 
at. greater risk of developing perioperative cardiac 
complications. 

Caution must be used in the interpretation of data 
from Doppler flow studies. Some laboratories report 
the maximal instantaneous gradient between the 
left ventricle and aorta. This gradient, although of a 
more accurate physiologic basis, differs from the 
standard left ventricular peak and aortic peak gradi- 


‘ent measured at cardiac catheterization. Maximal 


instantaneous gradients are invariably higher than 
“peak-to-peak” data. This potentially confusing 
issue can be avoided by comparing the mean gradi- 
ent determined by Doppler with the mean gradient 
determined by catheterization. Good correlation has 
been reported** when Doppler mean gradients have 
been compared to catheterization-determined mean 
gradients. 

Patients with symptomatic or asymptomatic sig- 
nificant aortic stenosis may not be able to tolerate 
the physiologic rigors of surgery and should be 


‘considered for valve replacement prior to the pro- 


posed surgical procedure. Elderly patients who are 
not candidates for open-heart surgery may be candi- 
dates for percutaneous valvuloplasty. 

With occasional exceptions, patients with asymp- 


` tomatic, mild aortic stenosis tolerate surgical inter- 


vention well. General anesthesia is preferable to 
spinal anesthesia in this population. With lower 
abdominal and extremity surgery, the sympathetic 
blockade associated with the spinal anesthesia may 


ws 
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produce untoward hypotension and tachycardia, 
which are poorly tolerated in patients with poten- 
tially hemodynamically significant aortic stenosis. 


HYPERTROPHIC CARDIOMYOPATHY 


Considering the pathophysiology of hypertrophic 
cardiomyopathy, hypovolemia and drugs prone to 
cause hypotension should be avoided. In the largest 
review to date of perianesthetic risk in patients with 
hypertrophic cardiomyopathy, Thompson et al.” 
examined the records of 35 patients with hypert- 
rophic cardiomyopathy who underwent a total of 56 
surgical procedures. The majority of patients were 
symptomatic, with either chest pain, syncope, dizzi- 
ness, or fatigue. The average peak resting outflow 
gradient was 30 mm Hg, with an average provocable 
gradient of 81 mm Hg. Fifty-two surgical procedures 
were performed under general anesthesia, whereas 
four procedures were performed under spinal anes- 
thesia. Sustained ventricular arrhythmia did not 
occur perioperatively. MI with congestive heart fail- 
ure occurred in one patient who underwent spinal 
anesthesia. The authors concluded that in general 
perioperative risk was low for patients with hyper- 
trophic cardiomyopathy; however, spinal anesthesia 
was relatively contraindicated. Associated coronary 
artery disease was felt to increase the perioperative 
risk. 


MITRAL VALVE DISEASE 


Patients with critical mitral stenosis are at 
increased risk for hemodynamic compromise should 
rapid supraventricular arrhythmias develop. The 
tendency toward embolic phenomena with potential 
catastrophic results suggests that all but emergency 
surgery be delayed when mitral stenosis is present. 
Patients intolerant of open-heart surgery may be 
candidates for percutaneous transseptal mitral val- 
vuloplasty. 

The presence of mitral regurgition does not pre- 
dispose the patient to increased cardiovascular risk 
unless concomitant left ventricular failure is 
present. In a prospective evaluation of over 1000 
patients, Goldman et al? demonstrated that the 
presence of a systolic murmur (not consistent with 
aortic stenosis) was not found to be a risk factor for 
postoperative cardiac events. The presence of clini- 
cal heart failure, regardless of etiology, however, was 
a major predictor of such events.” 


ANTIMICROBIAL PROPHYLAXIS 


Any valvular lesion in which abnormal flow pat- 
terns are present should receive antibiotic prophy- 
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laxis in accordance with current recommendations. 
outlined: by the American Heart Association.” Pro- 
phylaxis need only be employed when the operative 
procedure is likely to result in a transient bacter- 
emia. Prophylaxis is warranted during the incision 
and drainage of abscesses, during biopsy or surgery 
of the gallbladder or lower gastrointestinal tract, or 
during genitourinary instrumentation in the pres- 
ence of bacteriuria. Prophylaxis is probably not 
necessary for patients with valvular heart disease 
undergoing upper or lower gastrointestinal endosco- 
py without biopsy, percutaneous liver. biopsy, radio- 
graphic visualization of the colon with barium, or 
cervical dilatation and endometrial curettage. 
Patients with prosthetic heart valves, however, 
should have antimicrobial prophylaxis for these 
procedures.” Eai 


PROSTHETIC HEART VALVES 


The major issue in patients with prosthetic heart 
valves presenting for consequent noncardiac surgery 
concerns management of anticoagulation. Katholi et 
al.?. demonstrated no perioperative episodes of 
thromboembolism or hemorrhage during 25 surgical 
procedures in patients with isolated aortic valve 
replacement. Thirteen surgical procedures were per- 
formed on patients with either mitral or combined 
aortic-mitral prostheses. Two patients developed 
fatal postoperative thromboembolism. In all cases, 
anticoagulants were discontinued 3 to 5 days preop- 
eratively and were then resumed on the third to fifth 
postoperative day. 

The Mayo Clinic reported” a 10% incidence of 
perioperative thromboembolic phenomena in 159 
patients undergoing 180 noncardiac surgical proce- 
dures after valve replacement. The incidence of - 
embolic phenomena is most likely less in the current 
age of low-profile mechanical valves with their asso- 
ciated improved platelet washing properties when 
compared to that of the caged-ball valves.” 

Current practice reflects the risk difference 
between the aortic and mitral prosthesis thrombo- 
embolic complication rate (2% and 5%, respective- 
ly). Anticoagulant therapy for patients with an 
isolated mechanical aortic prosthesis is discontinued 
approximately 3 days prior to surgery, permitting 
the prothrombin time to fall within 20% of control ° 
values. Oral anticoagulation is then generally 
resumed on the second postoperative day. Patients 
with mechanical mitral prostheses generally have 
their anticoagulation reversed with vitamin K 
approximately 36 hours prior to surgery.” Patients 
at higher than usual risk, i.e., patients with very 
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Table I. Indications for invasive hemodynamic monitor- 
ing 





Cardiac risk index class III or IV* 

Marginally compensated/decompensated CHF 

Moderate-to-severe valvular heart disease 

Myocardial infarction within 3 months 

Intraabdominal, intrathoracic, or abdominal aortic surgical 
procedures in patients more than 70 years of age i 

Unstable angina 





CHF = congestive heart failure. 
*Risk stratification according to Goldman et al.? 


large left atria or a history of previous thromboem- 
bolic phenomena despite adequate anticoagulation, 
should be converted to intravenous heparin that is 
discontinued 4 to 6 hours prior to surgery. Heparin 
is then begun 12 to 24 hours postoperatively and is 
maintained until the prothrombin time is sufficient- 
ly prolonged with oral warfarin. 


CARDIAC DYSRHYTHMIAS 


The finding of a rhythm other than sinus, the 
presence of premature atrial contractions, or the 
documentation of more than five premature ventric- 
ular contractions per minute preoperatively are all 
associated with increased perioperative risk.? These 
dysrhythmias are felt to represent associated under- 
lying cardiac disease, since the complications that 
arise are ischemic or hemodynamic in nature rather 
than hemodynamically significant sustained ar- 
rhythmia. Patients without underlying coronary dis- 
ease do appear to be at increased risk, even if 
ventricular ectopic activity is of a fairly complex 
nature.” 2 í l 

Since the degree of cardiac risk is related to 
underlying heart disease, the use of prophylactic 
antiarrhythmic therapy doés not alter perioperative 
risk. Indeed, such therapy could potentially evoke 
significant proarrhythmia and should be avoided. 
Continual intraoperative antiarrhythmic therapy 
appears appropriate for patients with a history of 
sustained ventricular arrhythmia or sudden death. 


PROPHYLACTIC PACEMAKER PLACEMENT 


Prophylactic placement of a temporary pacemak- 


er does not appear necessary in patients with bifas- _ 


cicular block. Two separate reports detail the inci- 
dence of perioperative development of complete 
heart block in patients with right bundle branch 
block and left anterior hemiblock.““* Ninety-six 
operative procedures were performed on 71 patients 
with bifascicular block. One episode of complete 
heart block developed during intubation, requiring 
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placement of a temporary pacemaker. Significant 
ventricular ectopy developed in two of six patients 
in whom temporary pacemakers were placed pro- 
phylactically; the ectopy abated with removal of the 
pacing electrode from the heart. In a review of 30 
patients undergoing 36 operative procedures, Berg 
and Kotler” demonstrated an overall mortality rate 
of 10%; however, no patient developed complete 
heart block. : 

Bellocci et al. performed electrophysiologic 
studies in 98 patients who underwent general anes- 
thesia and surgery. Patients were categorized with 
respect to His-ventricular interval and their clinical 
courses were followed perioperatively. Forty-seven 
patients had normal His-ventricular intervals, 
whereas 51 were abnormally prolonged: The latter 
group had a higher incidence of perioperative cardi- 
ac complications; however; no patient developed 
complete heart block. 

These data suggest the finding of significant 
conduction system disease as a marker for underly- 
ing heart disease, and these patients are at higher 
risk. Patients with chronic bifascicular block do not 
need prophylactic pacemaker placement. Such 
patients are best managed with continuous ECG 
monitoring as well as by a physician skilled in 
placement of temporary pacemakers should the 
need arise. 


PERMANENT TRANSVENOUS PACEMAKERS 


Patients with permanent pacemakers are at risk 
of developing unpredictable pulse generator 
responses on occasion during electrocautery in the 
operating room. Unipolar pacing lead systems have a 
larger sensing antenna and are more vulnerable to 
external electromagnetic interference than are bipo- 
lar systems. Sensing of electrocautery interference 
would inhibit the pacemaker’s output, with poten- 
tially disastrous results. A magnet .to convert the 
pacing system to the constant VVI mode should 
always be available in the operating room. 

More complex pacing technology and lack of 
standardization throughout the industry can lead to 
unusual complications.” The consulting cardiologist 
need be familiar with the pacing system involved 
and should be available should intraoperative pac- 
ing problems arise. 


HYPERTENSION 


Preoperative in-hospital systolic or diastolic blood 
pressure has not been correlated with the develop- 
ment of postoperative myocardial ischemia, infarc- 
tion, or congestive failure in 676 patients with a 
history of mild-to-moderate hypertension followed 
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prospectively by Goldman and Caldera.” Effective 
preoperative blood pressure control does protect 
patients from developing perioperative hypotension 
or hypertension, which has reported to occur in one 
fourth of patients with a history of hypertension. 

Preoperative antihypertensive medications 
should be continued up to and including the day of 
surgery. Surgery need not be delayed secondary to 
the finding of mild-to-moderate hypertension pre- 
operatively. Physicians caring for patients with car- 
diac end organ damage of long-standing hyperten- 
sion must be cognizant of the need for higher filling 
pressures in noncompliant, hypertrophied ventri- 
cles. Adequate replacement of potassium is manda- 
tory in patients pharmacologically predisposed to 
hypokalemia. 


GENERAL VS SPINAL ANESTHESIA 


For patients with ischemic heart disease, spinal 
anesthesia offers no particular advantage to general 


endotracheal anesthesia. The incidence of intraoper- ` 


ative hypotension is no different with the use of the 
two types of anesthesia. Uncontrolled data " suggest 
spinal anesthesia is less likely to exacerbate conges- 
tive heart failure. 


IMPACT OF INTENSIVE PERIOPERATIVE EVALUATION 
AND TREATMENT 


Rao et al.* reported a reduced reinfarction rate in 
patients suffering a recent myocardial infarction in 
1983 compared to data reported in 1977. For 
patients who had surgery within 3 months of an 
infarct, the reinfarction rate fell from 36% to 5.7%. 
For patients with infarction 4 to 6 months prior to 
surgery, reinfarction decreased from 26% to 2.38%. 
Undoubtedly, the mechanism of such improvement 
is multifactorial. Improved surgical expertise, as 
well as more frequent recognition and modification 
and management of cardiac risk factors figure prom- 
inently in these improved statistics. Although defin- 
itive evidence is lacking, it seems reasonable to 
assume the detection and correction of hemodynam- 
ic abnormalities through the widespread use of 
pulmonary artery pressure monitoring has had con- 
siderable impact on overall improved management 
(Table I). 


SUMMARY 


As the population continues to age, more older 
patients present themselves for surgical procedures. 
Not uncommonly, these patients have considerable 
multiorgan dysfunction. Fundamental knowledge of 
predisposing risk is imperative for the optimal per- 
ioperative care of such patients. This review consid- 


Noncardiac surgery in cardiac patients 837 


ers available data on factors that affect periopera- 
tive cardiac risk as they apply to specific clinical 
entities. 
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The role of nitrates, beta blockers, and calcium 
antagonists in stable angina pectoris 


Pingkwan Chan, MD, Jaekyeong Heo, MD, Garo Garibian, MD, Alan Askenase, MD, 
Bernard L. Segal, MD, and Abdulmassih S..Iskandrian, MD. Philadelphia, Pa. 


The therapeutic options in patient with stable angi- 
na pectoris include: coronary artery bypass grafting 
(CABG), percutaneous transluminal coronary angio- 
plasty (PTCA), and medical therapy. CABG offers 
superior control of angina, less activity limitation, 
and less drug therapy, but is associated with return 
of angina due to graft occlusion or to progression of 
coronary artery disease (or both). The advantages of 
CABG in relation to the number of subsequent 
hospitalizations, the ability or willingness to return 
to work, and more importantly, its impact on surviv- 
al, are not clear except probably for subgroups of 
patients. PTCA is associated with very low initial 
morbidity and mortality, minimal discomfort, short- 
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er hospital stay, and shorter disability period than 


CABG, but the reocclusion rate is high and the 
procedure is not technically feasible in many 
patients. 

Medical therapy requires the control of precipi- 
tating risk factors, and the use of nitrates, beta- 
adrenergic receptor blocking agents, and calcium 
antagonists. The choice of the pharmacologic agent 
depends on a number of factors (Table I). Nitrates 
have been the backbone of treatment for many 
years, but the addition of beta blockers and a 
calcium antagonist is often necessary in some 
patients with severe symptoms. Beta blockers have 
antianginal, antihypertensive, and antiarrhythmic 
properties and they may limit infarct size and 
prevent sudden death,’ but they may cause 
increased bronchospasm and exacerbation of 
peripheral vascular disease, diabetes mellitus, con- 
gestive heart failure, and bradyarrhythmias. 

Calcium-blockers, on the other hand, have no 
effect on peripheral vascular disease, diabetes melli- 
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tus, or bronchospasm. The importance of correcting 
associated risk factors is exemplified by the study of 
Deanfield èt al? who have shown that smoking 
interferes with the efficacy of three commonly used 
drugs: nifedipine, atenolol, and propranolol. It is 
also important to indicate that patients with effort 
angina have frequent episodes of silent or asymp- 
tomatic ischemia. Nitrates, beta blockers, and calci- 
um blockers have been shown to decrease such 
episodes.** The prognostic importance of silent is- 
chemia and the attenuation of these episodes with 
medical therapy is still a subject of continued inter- 
est, but it is premature to make firm conclusions at 
the present time. This review focuses on the role of 
nitrates, beta blockers, and calcium blockers in 
treating patients with stable effort angina pectoris. 


NITRATES 


Nitroglycerin was first used in the treatment of 
angina pectoris in 1879, more than 30 years after its 
synthesis. It is absorbed rapidly from the gastroin- 
testinal tract, skin, and mucous membranes. After 
oral intake, there is excessive first-pass hepatic 
metabolism. In addition, intravenous administra- 
tion shows a gradient across the arteriovenous bed, 
suggesting that the vasculature is another important 
extrahepatic metabolic site.’ Nitroglycerin has a 
very short half-life, rapid elimination, a wide volume 
of distribution, and a large systemic clearance; in 
fact, only 1% of the total body nitroglycerin is 
present in the plasma. Thus the plasma nitroglycer- 
in level varies widely, depending on minor altera- 
tions in tissue binding. 

Isosorbide dinitrate has a 20% bioavailability 
after oral intake. The absorption of this compound, 
however, is not affected by food or by the presence 
of congestive heart failure. The metabolites of iso- 
sorbide dinitrate are bioavailable, active, and have a 
longer half-life than the parent compound.’ 

Mechanism of action. The most attractive hypothe- 
sis concerning the action of nitrates is that these 
agents stimulate the production of cyclic GMP 
(guanosine monophosphate) in smooth muscles, 
causing vasodilatation. It has been suggested that 
the organic nitrates are converted to nitric acid, 
leading to the production of nitrosothiols by means 
of reactions with sulfhydryl-containing compounds 
in vascular smooth muscles. The nitrosothiols stim- 
ulate guanylate cyclase, leading to the production of 
cyclic GMP. It is possible that cyclic GMP depresses 
calcium entry into the cells or increase calcium 
uptake by the sarcoplasmic reticulum, leading to 
vasodilation.® 

The hemodynamic consequences of nitrates are 
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Table |. Factors that affect the choice of therapeutic 
regimen 





1. Severity of symptoms 

2. Status of left ventricular function 

8. Associated diseases: hypertension, diabetes mellitus, 
chronic obstructive pulmonary disease, peripheral vas- 
cular disease, and hyperlipidemia 

4. Patient compliance 

5. Side effects 





due to vasodilation, especially in capacitance veins, 
causing venous pooling, a decrease in venous return, 
a decrease in cardiac volume, a decrease in pressure, 
and a decrease in myocardial oxygen consumption. 
Larger doses may result in arteriolar dilatation 
resulting in a decrease of blood pressure, a decrease 
in afterload, and a decrease in myocardial oxygen 
consumption as well® In coronary vessels, the vaso- 
dilation involves primarily the large coronary vessels 
and in the doses that are used clinically, no apparent 
effect on coronary arteriolar resistance is seen. 
The main side effects of nitrates are those due to 


- hypotension and to vasodilatation. The headaches 


are thought to be due to dilatation of the cerebral 
blood vessels. These are usually seen early in the 
course of treatment, but the loss of these side effects 
must also be associated with some loss of the clinical 
effectiveness of nitrates (see below).? 

Nitrate preparations. There are many preparations 
of nitrates: (1) Sublingual, either in the form of 
nitroglycerin or isosorbide dinitrate. These two com- 
pounds appear to have comparable effects." (2) 
Lingual spray; it eppears that the hemodynamic 
effect of the 0.4 mg spray is similar to that of 0.4 mg 
sublingual nitroglycerin. The spray may be used in 
the treatment of anginal attacks as well as for 
prophylaxis.” (3) Oral; isosorbide dinitrate is the 
most common preparation used. In general, short- 
term therapy induces more improvement and a 
longer duration of action than chronic therapy 
because of drug tolerance." (4) Transmucosal or 
buccal; in some studies’ buccal nitroglycerin, given 
three times daily, has been shown to produce both 
short- and long-term improvement. (5) Transder- 
mal, which may be in the form of nitroglycerin 
ointment or patches or isosorbide dinitrate oint-- 
ment. i 

In general, increased exercise tolerance as a mea- 
sure of the effectiveness of therapy with nitroglycer- 
in patches has been demonstrated for up to 2 to 8 
hours, with a patch size of 5 to 25 mg.*" There is no 
effect demonstrable at 24 hours, and tolerance 
appears within 7 to 10 days after once a day therapy 
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if the patch is left for 24 hours.” (6) Intravenous 
nitroglycerin; this form is most commonly reserved 
for patients with unstable angina pectoris or conges- 
tive heart failure." 

Nitrate tolerance. Nitrate tolerance is a condition 
in which increasing nitrate doses are required to 
induce a given hemodynamic or antianginal effect 
and it may occur with oral, intravenous, and percu- 
taneous application of nitrate preparations. Toler- 
ance may be due to changes in pharmacokinetics or 


to alterations in the property of target tissue. Toler- - 


ance to the hemodynamic response of nitrates can- 
not be dissociated from tolerance to the antianginal 
effect, since the latter is also related to vascular 
changes. The mechanism of nitrate tolerance is 
thought to be due to deficiency of reduced sulfhy- 
dryl groups and to decreased production of cyclic 
GMP. Therefore it has been suggested“ that inter- 


mittent therapy with nitrates would allow time for . 


the restoration of the reduced levels of sulfhydryl 
groups. Further, the use of a sulfhydryl donor (such 
as the administration of N-acetyl cysteine) may 
increase the responsiveness of the vascular tissue to 
nitrates.’ 16 

May et al. measured the coronary sinus flow in 
19 patients following incremental doses of nitroglyc- 
erin before and 24 hours after intravenous infusion 
of either saline or nitroglycerin. Intracoronary injec- 
tion of nitroglycerin resulted in increase in coronary 
sinus flow. However, in patients maintained on 
intravenous nitroglycerin, the increase in coronary 
sinus flow was much less at each of the dosages used 
compared to preinfusion responses. The administra- 
tion of N-acetyl cysteine resulted in increases in the 


coronary sinus flow in response to nitroglycerin ` 


injections to a degree comparable to that achieved 
before intravenous nitroglycerin infusion. This 
study therefore showed that the coronary vasodila- 
tor effect of nitroglycerin is attenuated by intrave- 
nous infusion of nitroglycerin because of partial 
tolerance that can be reversed by the administra- 
tions of a sulfhydryl group donor. The mechanism of 
this reversal is not entirely clear. Clinically, to avoid 
or minimize tolerance, short nitrate-free periods, 
such as the use of isosorbide dinitrates three times a 
day rather than four times a day or withdrawal of 


the patches after 12 hours of use, may be quite 


effective." 18 

Parker et al., however, have found that short- 
term administration of a reduced sulfhydryl group 
did not reverse the tolerance to isosorbide dinitrate. 
They studied the effect of 30 mg of isosorbide 
dinitrates in 12 patients with chronic stable angina 
pectoris after initial dosing and then after 7 to 10 
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days of therapy. During early therapy, isosorbide 
dinitrate produces significant hemodynamic and 
antianginal effects that persisted over a 38-hour 
observation period. During sustained therapy, there 
was attenuation of the hemodynamic effect and any 
beneficial effect 1 hour after dosing. No effect was 
apparent at 3 hours. When these patients were 
treated with an infusion of normal saline or 100 
mg/kg of N-acetyl cysteine and exercise testing was 
repeated, the patients who received N-acetyl cyste- 
ine did not show improvement in hemodynamic 
findings at rest or during exercise, and there was no 
improvement in exercise tolerance. 

The investigations by Conti et al.” on the effects 
of sublingual and intracoronary nitrates on coronary 
artery diameter have shown the following results: (1) 
Administration of a fixed dose of sublingual nitrate 
results in an increase in the percent of coronary 
artery stenosis, compared with control measure- 
ments. (2) Small doses of sublingual nitrate can 


_ dilate a coronary artery without a significant reduc- 


tion in systemic arterial pressure or an increase in 
heart rate. (8) The magnitude of coronary artery 
dilatation after a fixed dose of sublingual nitrate is 
inversely related to the size of the coronary artery. 
That is, the smaller the coronary diameter, the 
greater the relative dilatation after the administra- 
tion of nitrate. (4) A fixed dose of sublingual nitrate 
often dilates a coronary stenosis but a more severe 
stenosis is less likely to dilate. (5) The optimal dose 
of intracoronary nitrate required to produce maxi- 
mum or near maximum coronary dilatation without 
clinically important systemic hemodynamic effect is 
in the range of 200ug. (6) Intracoronary nitrate is a 
more potent coronary artery dilator than sublingual 
nifedipine when administered as a 10 mg dose.” 

The reflex tachycardia induced by nitrate therapy 
may be prevented by concomitant use of beta block- 
ers. Such combination therapy may also prevent left 
ventricular dilatation and an increase in left ventric- 
ular pressure induced by beta blockers during exer- 
cise. Nitrates have also effectively been combined 
with calcium blockers or with both calcium blockers 
and beta blockers in the treatment of severe angina 
pectoris.) 2 i 

Yamagishi et al.” studied the acute effects of 
sublingual isosorbide dinitrate on global and region- 
al left ventricular diastolic filling in normal subjects 
by multigated equilibrium radionuclide angiogra- 
phy. The systolic and diastolic functions of three 
regions of the left ventricle—septal, inferoapical, 
and posterolateral—were assessed. Nitrate adminis- 
tration resulted in improvement in global and 
regional ejection fraction at rest, an increase in 
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ejection rate, no change in the peak filling rate 
(globally and regionally), and an increase in the time 


to peak filling rate, suggesting increased asynergy. _ 
-Improvement in regional and global left ventricular 


function with nitrates during angina pectoris’ has 


` also been reported by others.” Klein et al.” observed 
that the improvement in the resting left ventricular _ 


ejection fraction with a new release form of nitro- 
glycerin ointment was associated with a decrease in 


end-diastolic volume as well as:end-systolic volume,. _ 


as expected from the hemodynamie Tesponess, ‘to 


. nitrates. 


BETA-ADRENERGIC BLOCKING DRUGS k : 
These agents have been used in the T a 


as in noncardiac clinical disorders such as hyperten- 


sion, hyperthyroidism, migraine, and glaucoma. - 
There are many adrenoceptor blocking drugs that ' 


have ‘been synthesized, and nine-of these are cur- 
rently available in the United States (propranolol, 
nadolol, pindolol, metoprolol, acebutolol, oxypreno- 


lol, timolol, atenolol, and esmolol). There. are no .. 
studies, however, demonstrating that. any of these . 


beta blockers has a therapeutic advantage over the 


others in treating ` angina pectoris, hypertension, or i 


arrhythmias. These drugs may vary in their duration 


of action and hence in the frequency of administra- .. 


tion, ahd also in their hydrophilic properties. and 


hence in their ability to cross the blood-brain barri- - 


er. Mh 


The primary advantage of these drugs is ‘their 
ability to decrease the myocardial oxygen demand . 


by decreasing the heart rate and the blood pressure. 


But these drugs also cause ventricular dilatation, a — 


decrease in cardiac output, an increase in systemic 


vascular resistance, and an increase in afterload that | 


may upset some of the primary therapeutic bene- 
fits.® Further, beta bloċkers may. exacerbate brad- 


yarrhythmias, bronchospasm, peripheral vascular - 


disease, diabetes mellitus, and hyperlipidemia. Sub- 


- groups. of beta blockers. have been described that 


have different beta selectivity, intrinsic sympatho- 
mimetic activity, and vasodilator properties.. 
- There are two subgroups of the beta-adrenoceptor 


population: Beta, receptors are found in the heart 


and beta, receptors are found in the peripheral 
circulation and -bronchi. The beta- -adrenoceptor 


‘blockers are classified as selective or nonselective, 


according to their relative abilities to antagonize the 


‘actions of sympathomimetic amines in some tissties 


at lower doses than those required in other tissues.. 
At low doses, selective beta blockers such as acebu- 


acute’ myocardial infarction, . 
- arrhythmias, hypertrophic cardiomyopathy, as:well 
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tolol, seal and metoprolol, inhibit Hata; recep-. 


. tors but have less effect on beta; receptors. However,. 


at higher doses, they.’ also block the beta, recep- 
tors.” ž' Thus even selective beta blockers may 
exacerbate bronchospasm in patients with broncho- 
spastic disease. Nevertheless, it is possible that beta, 
receptors, if unblocked, may remain responsive to ` 


_ epinephrine and that this property of the selective 


beta blockers may be of help in some patients with 


asthma, hypoglycemia, hypertension, or pee ; 


vascular ‘disease. 
Certain beta adisenncupter blockers such as ace- 


“butolol, ` ‘alprenolol, oxprenolol, and pindolol also 


possess partial intrinsic sympathomimetic activity. l 
The partial agonist effect of these drugs, however, i is 

less than that of epinephrine and isoproterenol. - 
Furthermore, the partial agonist activity is not lost- 


. when higher doses are used. This effect appears with 

- low doses and has a flat dose-response curve and 
therefore the effect on the heart. at rest remains 

_ relatively unchanged within a wide range of doses. ' 


~ Beta blockers. with partial agonist activity © 
produce less slowing of the heart rate at rest when © 
drugs without such activity.” ®t On the other hand, 
the increase in heart rate with exercise is similar 
with both types of beta blockers.” This may be. 
explained by the fact that the relative importance of 
the partial sympathomimetic effect as compared 


-with the beta-blocking effect is greatest when the 


sympathetic tone is low and therefore is better seen 


in the resting situation. Since the chronotropic. 


effect is weaker relative to the endogenous catechol- _ 
amines, the net effect is not a positive chrontropic 
action; beta blockers with partial sympathomimetic 


~~” activity can cause either no change in heart rate or a 


smaller decrease than that caused by beta blockers . l 


_ without. partial sympathomimetic activity. During 


exercise, when sympathetic activity is high, the 
beta-blocking effect predominates over the partial 
agonist ‘activity. Thus all beta blockers with or © 
without partial agonist activity are equally effective . 


in attenuating the increases in heart rate and blood .. 


pressure that occur with exercise. It remains, howev- 
er, to be determined whether. beta blockers with 


‘partial agonist activity will protect against myocar- .” 
`- dial depression, bronchial asthma, and hl a 


vascular complications of beta blockers. - 
Possible advantages of beta blockers with com- 
bined beta, selectivity and partial agonist activity 


- include: better preservation of peripheral blood 


flow, and lack of an effect on total cholesterol, high - 
density lipoprotein cholesterol, low density lipopro- ` 


` tein cholesterol,. or triglycerides.* Beta blockers 


with partial agonist activity may also be less likely to 
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cause excessive bradycardia in elderly subjects. In 
general, beta blockers are contraindicated in 
patients with reversible airway obstruction disease. 
However, beta,-selective agents with partial agonist 
activity may provide a measure of relative safety in 
such patients.** Beta, selective beta blockers are 
also preferred in diabetic patients, especially those 
who are insulin-dependent or even those requiring 
oral hypoglycemic agents. During exercise, it has 
been found that nonselective beta blockers are 
associated with a decrease in blood glucose, while 
this effect is not seen with selective beta block- 
ers. Finally, beta blockers with partial agonist 
activity have not been shown to be associated with 
an overshoot phenomenon,ji.e., an increase in heart 
‘rate and blood pressure upon the agent’s abrupt 
withdrawal. A new beta blocker, celiprolol hydro- 
chloride, produces not only beta blockade but also 
alpha blockade, resulting in arteriolar dilatation and 
a positive inotropic effect.?® 37 


CALCIUM ENTRY BLOCKERS 


These agents might be either selective or nonsel- 
ective. Selective calcium entry blockers are agents 
that selectively block slow calcium channels in the 
myocardium. (and hence, the term, slow channel 
blockers). There are three classes of these drugs: 
verapamil belongs to the phenylalkylamines; nifedi- 
pine and nicardipine belong to the dihydropyrid- 
ines; and diltiazem belongs to the benzothiaze- 
pines.” Nonselective calcium entry blockers are 
agents that act at similar concentrations on both 
slow calcium channels as well as on fast sodium 
channels. One of these agents is bepridil.® 

Calcium antagonists therefore constitute a group 
of organic compounds with diverse chemical struc- 
ture. These drugs produce coronary vasodilatation 
and also have negative inotropic, chronotropic, and 
‘dromotropic effects.” In general, the dihydropy- 
ridines are far more potent in producing coronary 
vasodilatation than in producing negative inotropic, 
chronotropic, and dromotropic effects. The non- 
dihydropyridine calcium antagonists are nearly 
equipotent in producing coronary vasodilatation 
and a negative dromotropic effect, although all of 
them are less potent in producing a negative inotro- 
pic effect.“ Verapamil and diltiazem are equipo- 
tent in producing a negative dromotropic and chro- 
notropic effect, while bepridil is less potent in 
producing a negative chronotropic effect than in 
producing a negative dromotropic effect. The dihy- 
dropyridine calcium antagonists are more potent 
than any of the non-dihydropyridine agents on a 
weight basis. However, this difference in vasodilator 
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properties is not of great importancé, because simi- 
lar effects can be obtained by dose-matching.® All 
calcium antagonists show a sizable separation 
between the coronary vasodilator potency and, the 
negative inotropic effect. Calcium antagonists in 
general do not have any effect on the intraventricu- 
lar conduction. 

The three most commonly used calcium antago- 
nists, diltiazem, nifedipine, and verapamil, are all 
extensively metabolized and only traces of the 
unchanged drugs are eliminated in the urine. The 
systemic plasma clearance is high and is dependent 
on the liver blood flow. Therefore the bioavailability 
is low despite almost complete absorption following 
oral administration. During long-term treatment, 
clearance decreases and bioavailability increases 
due to saturation of hepatic first-pass metabolism. 
Significant intra- and interindividual variability 
exists in the clearance and bioavailability of these 
three drugs. In patients with liver disease, the 
various pharmacokinetic parameters are grossly 
altered. Clearance decreases, elimination half-life is 
prolonged, and bioavailability more than doubles. In 
addition, the volume of distribution also increases. 
In renal disease, on the other hand, there is no 
significant effect on the pharmacokinetics of diltia- 
zem and verapamil, although the elimination half- 
life of nifedipine increases in relation to the degree 
of renal impairment. This is basically due to an 
increase in the volume of distribution.“ There is 
evidence” to indicate that the plasma concentration 
of these drug correlates with both their electrophys- 
iologic and hemodynamic effects. However, there is 
no effective therapeutic plasma concentration range 
that has been firmly established. Since calcium 
antagonists are often administered in combination 
with other drugs, there is a potential that both a 
pharmacodynamic and pharmacokinetic drug inter- 
action exists. Both verapamil and diltiazem cause a 
significant increase in plasma digoxin concentra- 
tion.** In contrast, nifedipine does not lead to an 
increase in the plasma digoxin concentration. The. 
mechanism appears to be inhibition of both renal 
and nonrenal digoxin clearance. 

These drugs have been effective in the treatment 
of hypertension by primarily inducing systemic 
vasodilation.**! They have also been effective in the 
treatment of angina pectoris.™® The beneficial 
action is primarily related to a decrease in myocar- 
dial oxygen demand by decreasing the heart rate, 
blood pressure, and contractility. These drugs also 
may allow an increase in coronary blood flow by 
inducing coronary vasodilatation.” Improvement 
in ventricular compliance due to regression of left 
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ventricular hypertrophy in patients with associated 


hypertension may add to the overall therapeutic — 


efficacy of these drugs in patients with coronary 
artery disease and hypertension.® Calcium antago- 
nists may be administered orally, intravenously, by 
the intracoronary route, and in the case of nifedi- 
pine, sublingually.© 

Hemodynamic evaluation. Intracoronary injection 
of calcium blockers results in an increase in coronary 
blood flow and a decrease in contractility (negative 
inotropic effect). There is often also deterioration 
in the relaxation property. On the other hand, 
intravenous administration of nifedipine produces 
less effect on contractility and relaxation, probably 
because of reflex sympathetic stimulation due to a 
decrease in systemic vascular resistance and to a 
decrease in aortic pressure. There is also an associ- 
ated increase in cardiac output.” These effects may 
therefore counterbalance the deleterious effects of 
propranolol that often result in an increase in 
systemic vascular resistance and a decrease in cardi- 
ac output.*” Intravenous diltiazem in a dose of 0.5 
mg/kg of body weight has been shown to increase 
exercise time and decrease the heart rate, systolic 
blood pressure, and the systemic vascular resistance 
at rest and therefore to decrease the myocardial 
oxygen consumption. Further, at a similar exercise 
level, the systemic vascular resistance and the pul- 
monary capillary wedge pressure are lower after 
diltiazem treatment and the stroke work index is 
higher, suggesting improvement in exercise left ven- 
tricular performance.” 

All three calcium antagonists—verapamil, diltia- 
zem, and nifedipine—have been shown to decrease 
the systemic vascular resistance and coronary vascu- 
lar resistance and to produce dilatation in both the 
normal coronary vessels and also in the stenotic 
segment, but this dilatation is less than that seen 
with nitroglycerin. Therefore the major reason for 
the increase in coronary blood flow and the decrease 
in coronary vascular resistance is the dilatation that 
appears in the small vessels rather than in the large 
epicardial vessels.” 

Thus it appears that the beneficial effects of 
calcium antagonists, in addition to the decrease in 
myocardial oxygen consumption (because of 
decreases in heart rate and blood pressure), are in 
part due to an increase in coronary blood flow.” 
Often a reduction in left ventricular preload is also 
seen that is not attributable to venous pooling. This 
effect appears to be the result of improved left 
ventricular systolic function in response to afterload 
reduction, particularly in patients with impaired left 
ventricular function. Feldman et al.” observed no 
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consistent increase in regional flow with calcium 
antagonists in patients in whom the regional flow 
was maintained by collateral flow only. 

The effect of calcium antagonists on left ventricu- 
lar ejection fraction has been inconsistent; slight 
improvement in the resting, exercise, or pacing 
ejection fraction has been shown as well as attenua- 
tion in the exercise-induced increases in both end- 
diastolic and end-systolic volumes.™ >" The dia- 
stolic abnormalities in left ventricular function that 
may be more prevalent and that occur earlier than 
systolic abnormalities may be more readily reversed 
by calcium antagonists.” The inconsistency in the 
improvement of left ventricular systolic function 
may be due to a number of factors. These include 
patient selection, exercise protocol, presence and 
extent of left ventricular dysfunction, method of 
assessing left ventricular function, and the dose and 
the effect of concomitant medication used. 

In patients with both angina pectoris and hyper- 
tension, calcium blockers offer certain advantages. 
These include the decrease in systemic vascular 
resistance that results in a decrease in blood pres- 
sure. There is no evidence that tolerance develops to 
these effects. There is also improvement in the flow 
to the myocardium, the brain, as well as to the 
kidneys, and there are no central nervous system 
side effects.*' Further, these drugs do not produce 
hypokalemia and have no effect on high-density 
lipoprotein cholesterol and no effect on triglycer- 
ides, as is seen with some beta blockers, and they do 
not increase plasma volume or produce reflex tachy- 
cardia (except nifedipine). 

Objective evidence of improvement with calcium 
antagonists, prolongation of exercise time, the time 
to the appearance of angina, or the appearance of 
positive exercise electrocardiographic (ECG) 
changes have been shown in several studies®*’ with 
all three calcium blockers, and in general the higher 
the dose the better the response. In small numbers 
of patients, long-term efficacy has been shown by 
repeated exercise studies.” ” A side effect of calcium 
blockers is pretibial edema, which can be reversed 
with diuretic therapy.” Calcium blockers have also 
been effective in therapy of patients with angina 
pectoris due to small vessel coronary artery disease 
(syndrome X).® 

Similar to calcium blockers, many of the beta 
blockers have been shown® to improve exercise 
time, prolong the time to the onset of angina pecto- 
ris and the time to the onset of ST segment changes, 
and to decrease the episodes of angina pectoris and 
nitroglycerin consumption in patients with coronary 
artery disease. These effects are also more pro- 
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- Table II. Advantages of combination of beta blockers and 
calcium blockers 





. Attenuation of the reflex tachycardia due to nifedipine 
2. Prevention of the increase in systemic vascular resistance 
and the coronary vascular resistance induced by beta 
blockers 
. Prevention of vasoconstriction during exercise (calcium 
blockers) 
4, Small vessel dilatation (calcium blockers) 
5. Improvement in left ventricular compliance to facilitate 
antegrade collateral flow (calcium blockers) 
6. Decrease of preload and end-diastolic pressure to facili- 
tate collateral flow (calcium blockers) 
7. More effective control of angina pectoris 
8. Improvement in exercise time and the time to omset of 
angina or ST segment depression 
. Possibly improve preservation of left ventricular func- 
tion 
10. Possibly lower doses of each of the two drugs may be used 
and therefore fewer side effects may occur 


me 


go 


Re 





nounced with higher doses if these can be toler- 
ated.™?1 The effects of beta blockers on systolic left 
ventricular function have also been inconsistent, but 
improvement in‘ both rest and exercise ejection 
fraction and in the degree of asynergy has been 
observed in some studies.?® 3% 34 

’ Combination therapy with beta blockers and cal- 
cium blockers may provide greater symptomatic 
. relief than monotherapy (Table II). The hemody- 
namic interplay appears beneficial rather than det- 
rimental in the majority of patients.” The combi- 
nation of calcium blockers and beta blockers may 
prevent the increase in coronary vascular resistance 
and the decrease in coronary blood flow that is 
caused by beta blockers. Combination therapy is 
effective and safe when preserved or only mildly 
impaired left ventricular function is present, but 
caution must be exercised in patients with more 
impaired left ventricular function or in those with 
conduction defects, especially when using com- 
bination therapy with verapamil and beta block- 
ers. 9698-101 Tt is not clear, however, that triple 
combination therapy that uses nitrates, calcium 
blockers, and beta blockers is more effective than 
double therapy such as nitrates and beta blockers or 
calcium blockers and beta blockers.® 101% In spite of 
the negative inotropic effect of verapamil, it has 
been administered to patients who have been receiv- 
ing propranolol therapy with relative safety as long 
as the propranolol by itself did not result in severe 


left ventricular dysfunction or no hypotension, bra- ` 


dyarrhythmia, or conduction abnormalities ap- 
peared.®. 96, 98-101 

Roubin et al.’ found different responses during 
exercise with verapamil or propranolol therapy. 
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During. verapamil therapy, the cardiac output 
increased, oxygen extraction decreased, oxygen con- 
sumption did not change, mixed venous pH and the 
arterial pH remained unchanged, and the mixed 
venous CO, content decreased. In contrast with 
propranolol therapy, the cardiac output decreased, 
oxygen extraction increased, oxygen consumption 
remained unchanged, mixed venous and arterial pH 
decreased, and the mixed venous CO, content 
increased. The exercise time was longer with vera- 
pamil and there was less associated fatigue. There is 
evidence!” to suggest that when therapy with beta 
blockers and calcium channel blockers is considered, 
the combination of propranolol and diltiazem 
should be considered the combination of first choice 
because of the low incidence of severe side effects. In 
the presence of possible or definite abnormalities of 
atrioventricular conduction or depressed left ven- 
tricular function, propranolol and nifedipine should 
be considered.’ 1 Although the propranolol/vera- 
pamil combination is associated with frequent 
adverse reactions, a trial may be warranted if the 
other combinations are unsuccessful.** °° Among the 
side effects encountered with combination therapy 
are: fatigue, depression, cold extremities, sleep dis- 
turbances, headaches, and gastric disturbances.” 

As discussed previously, nifedipine is a potent 
negative inotropic agent when applied directly to 
the myocardium. However, when given intravenous- 
ly, it. produces reduction in peripheral vascular 
resistance that results in augmentation of left ven- 
tricular .contractility through baroreceptor-medi- 
ated catecholamines.*:' Therefore the intrinsic 
negative contractile property of nifedipine may be 
unmasked in patients receiving maximal doses of 
propranolol who may not benefit from the end organ 
effect of such reflex-mediated catecholamine 
release.” This may explain the slight but significant 
decrease in ejection fraction when nifedipine 
replaces nitrates in some patients who have been on 
beta blocker therapy. 

Other calcium blockers. Bepridil is a long-acting 
calcium blocker that when given intravenously 
produces no change in cardiac output, systemic 
vascular resistance, heart rate, blood pressure and 
double-product, a mild decrease in the dp/dt, and a 
slight increase in end-diastolic pressure, pulmonary 
wedge pressure, and pulmonary artery pressure. Its 
half-life is over 50 hours and in several studies"? it 
appears to be well tolerated and provides objective 
evidence of improvement in symptoms and an 
increase in exercise time. Of note in these studies is 
that the heart rate and the blood pressure remain 
unchanged after therapy, both at rest and during 
exercise. As with other calcium blockers, improve- 
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ment in left ventricular function has been reported 
in some studies," 14 

Nicardipine is another calcium blocker that has 
been shown"*!3 to provide relief of angina pectoris 
and few side effects. Following intravenous injec- 
tion, it produces coronary and systemic vasodilata- 
tion, reflex tachycardia, an increase in contracility, 
and an improvement in left ventricular relaxation. 
Therefore nicardipine appears to be a suitable drug 
for combination therapy with beta blockers since it 
counteracts the deleterious effects of beta blockers, 
such as the increase in systemic vascular resistance 
and the decrease in cardiac output. Nicardipine has 
also been reported to result in improvement in left 
ventricular ejection fraction and diastolic func- 
tion. "%13 The improvement with nicardipine 
appears to be due to increased coronary blood flow. 
Nicardipine does not have an effect on myocardial 
inotropic state, even in patients with compromised 
left ventricular function or in patients receiving beta 
blocker therapy.”™ The other calcium blockers 
that have been studied are felodipine, carvedilol, 
and molsidomine.!*+-6 

Clinical implications. In patients with occasional 
angina pectoris, sublingual nitroglycerin may be the 
only medication needed. In patients with more 
frequent symptoms, topical or oral nitrates (or both) 
are recommended; to avoid nitrate tolerance, a 
nitrate-free interval during the day is necessary. 
With continued symptoms or more severe symp- 
toms, combination therapy with nitrates and calci- 
um blockers is indicated. In general, calcium block- 
ers may be considered the second line of treatment 
because they have fewer side effects and are better 
tolerated than beta blockers. It is often advisable to 
start with a small dose and to increase the dose as 
necessary or as tolerated. If symptoms continue 
despite maximum tolerated doses of nitrates and 
calcium blockers, then beta blockers may be added. 
Again, it is advisable to start with a small dose and 
to increase the dose gradually as necessary or as 
tolerated. There is a recent study” documenting 
that the use of two calcium channel blockers (diltia- 
zem and nifedipine) is more effective than the use of 
either one alone, but the profile of side effects may 
prohibit the routine use of such a combination, at 
least when given in high doses. In this study” 
diltiazem was more effective and had fewer side 
effects than nifedipine in patients with stable angina 
pectoris. 

In our judgment, patients who fail to respond to 
adequate triple therapy should undergo invasive 
evaluation to determine the feasibility of balloon 
angioplasty or coronary artery bypass ‘surgery. In 
patients with poor distal runoff and extensive dif- 
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fuse coronary artery disease, aggressive medical 
therapy may be the only available therapeutic 
choice. The medical regimen outlined above does 
not take into consiceration the importance of epi- 
sodes of silent ischemia. It is becoming increasingly 
clear that silent ischemia is not only more common 
than symptomatic ischemia, but it may also have 
prognostic implications. This issue is undergoing 
extensive study at the present time. 


SUMMARY 


Numerous controlled studies have shown that 
nitrates, beta blockers, and calcium antagonists are 
effective in the treatment of stable angina pectoris. 
The pharmacokinetics, pharmacodynamics, and 
hemodynamic effects of these agents are different, 
and thus combination therapy offers additive 
improvement and also counterbalancing of the 
undesirable side effects of each drug. The choice of 
therapy depends on the severity of symptoms, asso- 
ciated diseases, compliance, side effects, and status 
of left ventricular function. The main mechanism of 
improvement is a decrease in myocardial oxygen 
consumption, though an increase in coronary blood 
flow is another potential reason for the use of 
calcium blockers. This review considers the proper- 
ties of these drugs, their mechanism of action, and 
the results of randomized studies. 
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PROGRESS IN CARDIOLOGY 


Blood cholesterol treatment attitudes of 
community physicians: A major problem 


H. Robert Superko, MD, Denise A. Desmond, BA, Victoria V. de Santos, PA, 
Karen M. Vranizan, MA, and John W. Farquhar, MD. Stanford, Calif. 


The epidemiologic association between blood cho- 
lesterol levels and coronary heart disease has been 
established by numerous investigations.'* Results of 
recent prospective clinical investigations have 
shown that reduction in blood cholesterol levels in 
hyperlipidemic men will result in statistically fewer 
cardiovascular events and a reduction in the pro- 
gression rate of coronary atherosclerosis.*° These 
findings have been interpreted to imply that reduc- 
tion of moderate elevation in blood cholesterol levels 
would be a desirable health goal. The importance of 
this issue prompted the 1984 National Institutes of 
Health (NIH) consensus conference on lowering 
blood cholesterol levels to prevent heart disease.’ 
This conference produced a new definition of mod- 
erate-risk and high-risk individuals based on blood 
cholesterol values. These values are shown in Ta- 
ble I. 
Blood cholesterol treatment attitudes of commu- 
nity physicians are an important aspect of a national 
blood cholesterol control program, since patients 
rely heavily on physician advice before initiating 
diet or drug therapy. Physician agreement with 
cholesterol treatment goals is an important compo- 
nent of a successful public education program 
intended to reduce plasma cholesterol levels. Such a 
national initiative in the United States for public 
and professional education is planned and in the 
early stages of implementation.” ® 

As a first step in recruiting physician support for 
such an effort, we conducted a survey of physicians’ 
blood cholesterol treatment attitudes in the San 
Francisco Bay area 9 months after the announce- 


From the Stanford Center for Research in Disease Prevention, Stanford 
Lipid Research Clinic, Stanford University Department of Medicine. 
Supported in part by National Institutes of Health, National Heart, Lung, 
and Blood Institute grants HL 71-2161-L and HL 24462-07. 

Received for publication April 11, 1988; accepted May 15, 1988. 

Reprint requests: H. Robert Superko, MD, 730 Welch Rd., Suite B, 
Stanford, CA 94305. 


ment of results of the Coronary Primary Prevention 
Trial (CPPT). The objective of the survey was to 
determine attitudes toward treatment among physi- 
cians in regard to plasma cholesterol values. A 
variety of factors may affect physician treatment 
attitudes; these include specialty, length of time in 
practice, and exposure to a large clinical trial involv- 
ing a test of the cholesterol hypothesis. 


METHODOLOGY 


Survey. The Stanford Lipid Research Clinic 
(LRC) questionnaire is a 14-question survey 
designed to obtain information on cholesterol treat- 
ment attitudes among community physicians. It is 
based on the National Heart, Lung, and Blood 
Institute physician survey but is designed to be 


‘ completed in less than 5 minutes without interview- 


er involvement.’ The subject of each question is 
described in Table II. Question 4 allowed correlation 
with the type of medical practice: general, family, 
internal medicine, and surgery and 37 subspecial- 
ties. The presence of a CPPT-LRC participant in a 
physician’s practice may influence his or her choles- 
terol treatment attitudes, since multiple interim 
reports and a closure report were mailed to each of 
these physicians during the 7-year investigation. 
Question 6 allows correlation with this CPPT con- 
tact parameter. Questions 8 and 9 requested infor- 
mation regarding total plasma cholesterol (TC) val- 
ues in 40 mg/dl increments starting at 160 mg/dl. 
Question 10 listed eight blood lipid—reducing agents 
approved by the Food and Drug Administration and 
a write-in category for “other.” The survey was 
mailed to 2413 community physicians. The mailing 
list was developed from information obtained from 
local medical society mailing lists that were cross- 
referenced and updated from telephone directo- 
ries. 

Statistical analysis. Statistical analysis was per- 
formed by means of a chi-square test with two-way 
tables to determine the probability of a significant 
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Table I. NIH Cholesterol Consensus Conference! defini- 
tions for individuals at moderate to high risk for prema- 
ture coronary artery disease based on blood TC values 











Age (yr) Goal Moderate risk High risk 
20-29 <180 >200 >220 
30-39 <200 >220 >240 
40+ <200 >240 >260 








Values are in milligrams/deciliter. 


difference in a selected group compared to “others.” 
p Values are indicated when p < 0.05. The probabil- 
ity of a significant difference between mean TC at 
which diet or drug therapy would be initiated by 
specialty and subspecialty groups was determined 
within groups by Student’s t test. 


OBSERVATIONS 


Diet or drug therapy. A total of 793 physicians 
responded to the survey, a response rate of 32.8%. 
The mean age and standard deviation of the 
responding physicians was 48 + 11 years, and mean 
number of years in practice was 15.8 + 9. Medical 
practice characteristics of physician responders are 
shown in Table II. f 

The level of plasma TC at which physicians elect 
to recommend diet or drug therapy was investigated. 
Fig. 1 shows the cumulative percentage of physicians 
who would initiate diet or drug therapy at various 
levels of plasma TC. Physicians are classified as to 
specialty and subspecialty. The response of one 
group, above and below 40 mg plasma TC cut points, 
was compared with the combination of all other 
groups combined. Significant differences are shown 
in Fig. 1. In individual subgroup analysis of general 
practice + family practice (GP + FP), a significant 
difference in drug treatment of TC at the level of 
320 mg/dl exists ` compared to endocrinology 
(p = 0.014) and to cardiology (p = 0.006) subspecial- 
ties. This p value is derived from a 2 X 2 chi-square 
test. The National Institutes of Health (NIH) cho- 
lesterol consensus conference definitions of “moder- 
ate” and “high” risk values are shown. 

Table IV shows the mean and standard deviation 
of plasma TC levels that would result in physician 
recommendations for diet or drug therapy as indi- 
cated by specialty and by the subspecialties of 
cardiology and endocrinology. In this analysis the 
lower-limit values were assigned to the 40 mg/dl 
range and were combined with specific values 
received from physicians who indicated a specific 
value. When mean diet therapy treatment recom- 
mendation levels were compared for the GP + FP 
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Table Il. Subject of each question in the Stanford-LRC 
questionnaire 





1. Name (optional) 

2. Age 

3. Type of practice 

4. Major field of practice 

5. Number of years in practice 

6. Presence of patients in CPPT-LRC 

7. Use of screening plasma cholesterol and triglyceride lev- 
els f : : 

8. Value of plasma cholesterol that prompts dietary thera- 


py 
9. Value of plasma cholesterol that prompts drug therapy 

10. Drug recognition and use 

11. Continuing medical education information 

12. Staff education information 

13. Continuing medical education format information 

14. Confidence in reliability and accuracy of laboratory mea- 
surements 





group vs cardiology and GP + FP vs endocrinology, 
as well as GP+FP vs internal medicine and 
GP + FP vs surgery, there were no significant differ- 
ences. For the mean value at which drug therapy was 
recommended, there was a significant difference 
between GP+FP and cardiology (p < 0.002), 
GP+FP and endocrinology (p< 0.005), and 
GP + FP and internal medicine (p < 0.05). There 
was no significant difference between internal med- 
icine and surgery for diet therapy, and drug therapy 
approached significance (p < 0.1). A statistically 
significant difference existed between the surgery 
and cardiology groups for diet (p < 0.05) and for 
drug treatment (p < 0.01) and between the surgery 
and endocrinology groups for drug treatment 
(p < 0.01), and the difference between these groups 
approached significance for diet treatment (p < 
0.1). i 

The effect of years in practice on attitudes toward 
plasma TC treatment is shown in Fig. 2. Repre- 
sented is the cumulative percentage of physicians 
who would treat various plasma TC values with 
either diet or drug therapy in relation to their years 
in practice. A 5 x 5 chi-square analysis of the num- 
ber of years in practice and TC treatment levels 
indicates a significant difference in the response 
pattern for diet but not for drug therapy. The 
difference indicates physicians in practice 1 to 5 
years initiate diet therapy at a lower TC value than 
their older colleagues (p = 0.04). 

Previous cholestero! research exposure. The poten- 
tial impact that the presence of a CPPT-LRC 
participant in a physician’s practice may have on 
treatment attitudes was addressed, and the results 
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Table Ill. Characteristics of physician groups responding 
to the survey 





% of survey Mean age 

Type of practice n population + SD (yr) 
FP + GP 156 19.7 50 + 11 
Internal medicine 299 37.7 49 +11 

Cardiology 67 44+9 

Endocrinology 20 46+ 11 
Surgery 65 8.2 51+ 11 
Other speciality 186 23.4 47 +11 
Other 87 11.0 





are shown in Fig. 3. This figure indicates the cumu- 
lative percentage of physicians treating various lev- 
els of plasma TC levels separated on the basis of the 
presence (LRC-p) or absence (LRC-a) of LRC par- 
ticipants in their practice. No overall significant 
difference was seen for the mean value at which 
LRC-p physicians versus LRC-a physicians treated 
patients with diet or with drugs, 242 + 37 mg/dl vs 
244 + 39 mg/dl, and 310 + 44 mg/dl vs 313 + 45 
mg/dl, respectively. For the TC range 280 to 319 
mg/dl, LRC-p physicians may initiate treatment at 
slightly lower values (p < 0.06, chi-square for two- 
way tables) than LRC-a physicians. Note the 
remarkable similarity for all other ranges. 

More physicians with CPPT-LRC participants in 
their practice prescribe specific drugs than col- 
leagues without similar exposure to the CPPT-LRC. 
This reaches statistical significance for several med- 
ications. Drugs prescribed more in the group of 
physicians who had CPPT-LRC participants in 
their practice include beta sitosterol (p < 0.04), cho- 
lestyramine (p < 0.0001), colestipol (p < 0.0001), 
clofibrate (p < 0.0001), dextrothyroxine . (p < 
0.0001), gemfibrozil (p < 0.0001), nicotinic acid (p < 
0.0001), and probucol (p < 0.0002). 

Influence of specialty. Among physicians who use 
lipid-lowering medications, the type of medication 
used may also be influenced by specialty. Shown in 
Table V is the percentage of physicians within 
specialties who routinely prescribe specific medica- 
tions. One hundred percent of the physicians indi- 
cated that they recognized all of the medications by 
name as cholesterol-lowering agents. 

The habit of routinely performing screening tests 
for plasma TC and triglyceride values at the time of 
the initial patient evaluation may help explain phy- 
sician group differences. Shown in Table VI is the 
percentage of physicians by specialty that routinely 
obtain a TC value at the initial patient evaluation. 
The primary care specialties of GP + FP and inter- 
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CUMULATIVE 
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OF RESPONDENTS 


160- 200- 240- 280- 320- >360 
PLASMA TC (mg/dl) 


Fig. 1. Cumulative percentage of physicians by specialty 
who initiate diet or drug therapy at various levels of 


‘plasma TC. NIH Cholesterol Consensus Conference 


guidelines for moderate and high risk in 20- and >40- 
year-old age groups are shown. p Values represent signifi- 
cant differences of specific groups compared to all other 
groups combined. Card, Cardiology; Endo, endocrinology; 
FP + GP, family practice + general practice; IM, internal 
medicine; Surg, Surgery. 


nal medicine are similar and contrast with the 
surgery specialty (chi-square p < 0.0001). 
Laboratory. Physician confidence in laboratory 
precision may be a factor in treatment attitudes, 
since perceived lack of an accurate diagnostic test. 
may inhibit initiation of therapy. Physician confi- 
dence was graded as high, moderate, and low with 
regard to reliability and accuracy of laboratory 
measurements for general blood chemistry and plas- 
ma lipid levels. A comparison table of physicians’ 
responses is shown in Table VII. The difference 
between a high and medium degree of confidence for 
blood chemistry versus plasma lipid values is signif- 
icant according to chi-square analysis (p < 0.001). 


COMMENTS 


A number of interesting findings emerge from this 
survey. However, because of the nature of mail 
surveys, results may be skewed, since they represent 
only physicians who complete and return the ques- 
tionnaire. If a bias is present it would be weighted in 
favor of a response from physicians interested in the 
topic and would perhaps reflect a tendency toward a 
more aggressive approach to lipid therapy when 
compared to those who did not respond to the 
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YEARS IN PRACTICE, DIET AND 
DRUG TREATMENT ATTITUDES 


75 


CUMULATIVE 
PERCENT 
‘OF RESPONDENTS 
a 
© 


N 
a 





PLASMA TC (mg/dl) 


Fig. 2. Cumulative percentage of physicians who initiate 
diet or drug therapy at various levels of. plasma TC 
according to number of years they have been in practice. P 
Value is 5 x 5 chi-square analysis. ` 


survey. Thus these results may reflect a more 
aggressive attitude toward cholesterol therapy than 
actually exists in the medical community. A 
response rate of nearly 33% was achieved, which we 
consider an average response to a physician ques- 
tionnaire of this type. 


' Four major findings of the survey indicate that: . 


(1) Physician plasma TC treatment habits are 
remarkably similar across specialty, years in prac- 
tice, and the presence of LRC participants in the 
physician’s practice; (2) no group of physicians 
reflected an aggressive plasma reduction attitude; 
(3) contact with a large clinical cholesterol reduction 
trial and the announcement of the successful results 
is not associated with an aggressive cholesterol 
treatment attitude but is associated with increased 
specific drug use; and (4) physician confidence in the 
accuracy of laboratory lipid results is less than that 
for blood chemistry results. 

1. Review of Figs. 1, 2, and 3 and Table IV 
suggests similar treatment habits among all physi- 
cian groups. Internal medicine specialties of endo- 
crinology and cardiology tend to have significantly 
lower initial treatment levels, which is not unexpect- 
ed because of the nature of patient referral to these 
subspecialties and their relatively greater involve- 
ment with hyperlipidemia and atherosclerosis. 

2. Based on the level of plasma cholesterol at 
which physicians begin to prescribe diet or drug 
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CUMULATIVE PERCENT OF RESPONDENTS | 


(o) 3 
160- 200- 240- 280— 320- >360 
199 239 279 319 358 


PLASMA TC (mg/d!) 


Fig. 3. Cumulative percentage of physicians who initiate 
diet or drug therapy at various levels of plasma TC 
according to presence (Yes) or absence (No) of CPPT- 
LRC participants in their practice. 


therapy, no physician group reflected an aggressive 
attitude toward reduction of plasma lipids. It is 
unlikely that this attitude is the result of a lack of 
knowledge regarding their patients’ TC values. 
Table VI shows that a high percentage of physicians 
in the primary care specialties obtain a lipid panel or 
TC on the initial patient evaluation visit. | 

As can be seen from Fig. 1 and Table IV, the mean 
value at which physicians prescribe diet to treat 
hypercholesterolemia is similar to the NIH “moder- 
ate-risk” definition for individuals over the age of 40 
years. These results may be skewed in favor of lower 
values because the mean in Table IV is derived from 
the lower value of the 40 mg range offered in 
questions 8 and 9. From Fig. 1 it can be seen that 
more than 70% of physicians recommend diet ther- 
apy only when values exceed the NIH “moderate- 
risk” definition for 40-year-old individuals. Mean 
values at which physicians treat hypercholesterol- 
emia with medication exceed the NIH definition of 
“high-risk” for 40-year-old individuals in all physi- 
cian groups. Furthermore this mean treatment value 
exceeds the ninety-fifth percentile for TC in 40 to 
50-year-old men.” 

One group of physicians who showed a significant 
difference in the dietary treatment of TC was the 
group who had been in practice 1 to 5 years. It is 
tempting to interpret this as suggesting that recent 
medical education may have enhanced the aware- 
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Table IV. Plasma cholesterol levels (mean and standard deviation) that would result in physician recommendations 


for diet or drug therapy 
































Therapy 
Type of practice n Diet Drug 
All types 660 243 (88) 312 (44) 
GP + FP 154 240 (37) 319 (48)-——* | ot 
Internal medicine 291 242 (35) 309 (43)—! | 
Cardiology 64 *— 231 (31) 297 (46) 
Endocrinology 20 231 (29) woe (28) 
Surgery 39 248 (41) 322 (46) xk 
Values are in milligrams/deciliter. 
Statistical significance is described ìn Results. 
*p < 0.05; **p < 0.01; tp < 0.005; tp < 0.002. 
Table V. Drug use by specialty: Percentage of group that prescribes indicated medication 
Specialty n CHO COL CLO DEX GEM NA PRO 
GP + FP (156) 30.1 V7 37.8 11.5 26.3 21.2 12.8 
Internal medicine (299) 53.5 30.1 36.8 10.0 31.8 32.4 27.8 
Cardiology (67) 65.7 43.3 40.3 8.9 37.3 26.9 28.4 
Endocrinology (20) 75.0 45.0 20.0 5.0 45.0 65.0 35.0 
Surgery (65) 16.9 9.5 13.6 1.8 7.83 8.8 5.5 








CHO = Cholestyramine; COL = colestipol; CLO = clofibrate; DEX = dextrothyroxine; GEM = gembifrozil, NA = nicotinie acid; PRO = probucol. 


Table VI. Percentage of physicians who routinely order a 
lipid panel or TC screening test at initial patient evalua- 
tion 





Internal 
Screening FP+GP medicine Surgery 
test (154) (280) (60) 
Lipid panel 
Yes 87.0% 85.7% 22.2% 
No 9.1% 9.5% 76.2% 
TC only 3.3% 44% 16% 





ness of TC values as a risk of future coronary heart 
disease, which prompted diet intervention at lower 
TC levels compared to colleagues who had complet- 
ed their formal training several years earlier than 
this group. This suggests that an aggressive continu- 
ing medical education program may be productive 
and warranted. A recent survey found that 97% of 
physicians believed they should modify patients’ 
behaviors to minimize risk factors." 

3. Exposure to a large clinical trial investigating 
the cholesterol hypothesis did not show a consistent 
clinically significant effect on the mean TC value at 
which diet and drug therapy would be initiated with 


Table Vil. Percentage and absolute number (n) of physi- 
cians who indicate a high, moderate, and low impression of 
reliability and accuracy for laboratories they use in regard 
to blood chemistry and plasma lipid measurements 





Laboratory test 
Impression of reliability — 











and accuracy Chemistry Lipids 
High z 75.3 (581) 63.5 (439) 
Moderate 24.7 (174) 35.3 (244) 
Low 0 1.2 (8) 





*p < 0.001 by chi-square analysis. 


the exception of drug therapy for TC in the range of 
280 to 319 mg/dl. However, sensitization to the 
cholesterol issue may have resulted from routine 
contact with the CPPT-LRC investigation through 
periodic communications regarding annual visits 
and results of blood pressure analysis and submaxi- 
mal exercise testing. The Stanford-LRC survey was 
conducted 9 months after the announcement of the 
CPPT-LRC results, which may have further 
enhanced any potential sensitization. The survey 
does indicate that physician exposure to the CPPT- 
LRC by patient contact is associated with a signifi- 
cantly greater use of specific medications. 
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Review of the use of medications by speciality and 
subspeciality suggests a greater use among internists 
compared to general and family practitioners as can 
be seen in Table V. The higher use is among the 
subspecialties of cardiology and endocrinology. A 
surprisingly high percentage of physicians prescribe 
clofibrate and dextrothyroxine. Bile acid binding 
resin therapy appears to be used most by internists, 
cardiologists, and endocrinologists. 

4. Physician confidence in the accuracy of labora- 
tory results for plasma lipid measurements may play 
a role in physician blood cholesterol treatment 
attitudes. Table VIL shows that the level of confi- 
dence in the reliability and accuracy of laboratory 
results is greater for routine blood chemistry than 
for blood lipid values. This attitude is not without 
foundation and may be particularly important in 
regard to lipoprotein values." To implement a suc- 
cessful community blood cholesterol screening and 
cholesterol reduction program, the issue of precision 
and reliability of measurements must be addressed 
and the public and professional communities edu- 
cated as to the degree of precision that can reason- 
ably be expected and potential sources of measure- 
ment variability that can be eliminated. _ 

Conclusions. This survey indicates that physician 
treatment attitudes toward blood cholesterol levels 
are more conservative than guidelines suggested by 
the 1984 NIH cholesterol consensus conference.’ 
The general results are similar to those of the recent 
National Heart, Lung, and Blood Institute physician 
survey.’ Additionally this survey shows that subspe- 
cialties involved in the care of patients with hyper- 
lipidemia and atherosclerosis tend to exhibit a more 
aggressive attitude than other specialties but remain 
less aggressive than recent evidence indicates is 
warranted; the survey also shows that physicians 
lack confidence in laboratory precision, that expo- 
sure to a large cholesterol clinical trial did not alter 
physician treatment level attitudes, and that length 
of time in practice relates to diet treatment attitudes 
but not to drug treatment attitudes. The enhanced 
use of medications in the physician group that had 
contact with the CPPT-LRC suggests that a nation- 
al medical education program may be of benefit in 
increasing the aggressiveness of physicians’ blood 
cholesterol treatment attitudes. 
appropriate use of plasma lipid-lowering diets and 
medications in primary care specialties is a nation- 
al health goal and was recently outlined by the Na- 
tional Cholesterol Education Program’s Adult 
Treatment Panel Guidelines. This report 
indicates that there is substantial room for growth 
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in physicians’ blood cholesterol treatment atti- 
tudes. 


SUMMARY 


Blood cholesterol treatment attitudes of commu- 
nity physicians are an important component of the 
NIH recommendation to reduce blood cholesterol. 
To determine current blood cholesterol treatment 
attitudes, a survey of 2413 multispecialty Northern 
California physicians was conducted. A total of 793 
physicians responded. Results show that treatment 
habits among medical specialties are similar with a 
tendency for lower initial treatment levels in the 
subspecialties of endocrinology and cardiology. No 
specialty or subspecialty group indicated an aggres- 
sive plasma lipid treatment attitude. The findings 
include the following: Mean values at which physi- 
cians reported treating hypercholesterolemia with 
medication (312 + 44 mg/dl) exceed the NIH defini- 
tion of “high risk.” Younger physicians treated 
hypercholesterolemia with diet at significantly lower 
blood cholesterol levels than did older colleagues 
(p = 0.04). Physicians exposed to the CPPT-LRC 
investigation did not show a difference in treatment 
attitudes with regard to blood cholesterol levels 
when compared to physicians without such an expe- 
rience. The type of lipid-lowering medication used 
differs significantly among medical specialties and 
subspecialties. Physicians lack confidence in the 
precision of laboratory measurement of plasma lip- 
ids. Physician treatment attitudes require substan- 
tial change if the NIH cholesterol consensus confer- 
ence goals are to be achieved. 
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Accurate assessment of aortic stenosis severity 
by Doppler echocardiography independent of 


aortic jet velocity 


William A. Zoghbi, MD, Augusto Galan, MD, and Miguel A. Quinones, MD, with the 
technical assistance of Julie G. Soto, RDMS. Houston, Texas 


In aortic stenosis, measurements of jet velocity by 
continuous wave Doppler have provided accurate 
determination of pressure gradients'? and, more 
recently, valve area by the continuity equation.*’ 
However, recording of jet velocity may not always be 
possible in technically difficult patients and in 
addition requires significant expertise to optimize 
the angle of incidence of the ultrasound beam to 
prevent serious underestimation of pressure gradi- 
ents. *® Thus a Doppler method of assessing aortic 
stenosis severity that does not rely on the determi- 
nation of jet velocity would be desirable to provide 
additional confirmation of results obtained with 
continuous wave Doppler and to serve as an alter- 
nate method in the few instances of failure to record 
an adequate stenotic jet signal. 

Left ventricular systolic time intervals derived 
from phonocardiography and carotid pulse tracings 
have been tried in the past for the estimation of 
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aortic stenosis severity, but results have been subop- 
timal for individual assessment.*"! However, Bache 
et al? demonstrated a significant correlation 
between aortic valve area by the Gorlin formula and 
the magnitude of ejection time prolongation in 
relation to stroke volume. Measurements of ejection 
time were derived from aortic pressure recordings 
and stroke volume with the Fick method. At present, 
pulsed Doppler echocardiography can provide 
simultaneous measurements of ejection time and 
stroke volume entirely noninvasively by determin- 
ing flow felocity at the aortic anulus combined with 
an echocardiographic estimate of the anulus cross- 
sectional area. *"4 The present investigation was 
therefore designed to examine the relation between 
the magnitude of ejection time prolongation, assess- 
ed by pulsed Doppler at the aortic anulus, and the 
severity of aortic stenosis in an attempt to derive a 
Doppler method of evaluating aortic stenosis inde- 
pendent of jet velocity. 


METHODOLOGY 


Patient population. The patient population con- 
sisted of 44 consecutive patients who underwent 
cardiac catheterization and Doppler echocardio- 
graphic studies for suspected aortic stenosis. There 
were 27 men and 17 women, with a mean age of 64 
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Fig. 1. Left panel, Parasternal long-axis. view showing measurement of. the left ventricular outflow 
diameter. Right panel, Flow velocity recordings by pulsed Doppler from the apical window corresponding 
to the sample volume position at the aortic anulus and showing the measurement of left ventricular 


ejection time. Ao = ascending aorta; ET = 
ventricle. 


_years (range 36 to 82). Thirty-five of the 44 patients 


were involved in a previous study from this labora- 
tory’ validating the use of the continuity equation 
for deriving aortic valve area by Doppler echocardi- 
ography. Cardiac catheterization was performed 


within 24 hours of the echocardiographic examina- ` 
tion in 29 patients and within 2 to 16 days in the 


remaining patients. Forty-one patients were in sinus 
rhythm and three were in atrial fibrillation. Only 
two patients were hypertensive (blood pressure 
>150/90 mm Hg). Coronary artery disease, defined 
as =50% luminal diameter narrowing of at least one 


major coronary artery, was present in 11 patients. - 


Three patients had angiographic evidence of moder- 
ate aortic insufficiency, three had moderate mitral 


regurgitation, and five had mitral stenosis with or | 


without regurgitation. Left ventricular ejection frac- 
tion determined by angiography (n = 14) or by 
echocardiography (n = 30) ranged between 20% and 
85% (mean + SD = 57 + 15%). 
graphic (ECG) evidence of left bundle branch block 
was present in five patients. 

Two-dimensional echocardiographic measurements. 
Two-dimensional echocardiographic studies were 
performed in the left lateral recumbent position 
with an Ultra Imager (Biosound, Inc., Indianapolis, 
Ind.) or a Hewlett-Packard sector scanner (Hewlett- 


Packard Co., Andover, Mass.) equipped with a 2.5 - 


MHz transducer using standard parasternal, apical, 
and subcostal views. Studies were recorded on VHS 
\%-inch videotape and were later reviewed on an 
off-line computerized station equipped with a tablet 
digitizer and internal calipers (Digisonics EC 500, 


left ventricular ejection time; LA = 


Digisonics, Inc., 


Electrocardio- 


left atrium; LV = left 


Houston, Texas). Left ventricular 
ejection fraction was determined by the multiple . 
diameter method previously described from this 
laboratory.“ The aortic anulus ‘diameter (Daoa) 
was measured in the parasternal long-axis view 
just below the insertion of the aortic leaflets dur- 
ing early systole, as previously described.** 
Cross-sectional area of the aortic . anulus was 
derived assuming a circular - geometry as 
(#D*404)/4. i 


Pulsed Doppler measurements. Pulsed Doppler 


‘studies were performed with’ the same imaging 


systems. The returning frequencies are processed by 


' fast Fourier transform analysis and blood velocity is 


displayed by solving the Doppler equation. In this 


- and previous studies,* ° we elected not to correct for 
. the angle. of incidence of the ultrasound beam with 


presumed flow direction, but to optimize transducer 


` angulation to obtain the best velocity recording. 


Pulsed Doppler recordings of flow velocity at the 
level of the aortic anulus were obtained from the 
apical window, as previously described,* utilizing a 5 
mm sample volume placed just proximal to the 
stenotic aortic valve. All Doppler recordings were 
performed at a paper speed of 100 mm/sec. 

The time-velocity integral of flow velocity at the 
aortic anulus was obtained by planimetry, as previ- 
ously described.*% Stroke volume was calculated 
as: 


SV = CSA oa x TV lioa 
D 
ALS AOA x TVI pon 
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where SV=stroke volume in milliliters, 
CSAxoa = cross-sectional area of the aortic anulus in 
square centimeters, TVI = time-velocity integral of 
flow velocity at the aortic anulus in centimeters, and 
Daoa = diameter of the aortic anulus in centimeters. 
Left ventricular ejection time, from the onset to the 
end of systolic flow, was measured from the same 
Doppler recordings used for flow measurements 
(Fig. 1). Heart rate was determined from the preced- 
ing R-R interval. All measurements represent the 
average of three cardiac cycles in sinus rhythm or 
five cycles in the presence of atrial fibrillation, and 
were performed without knowledge of the results of 
continuous wave Doppler or catheterization data. 

Among factors influencing the duration of ven- 
tricular ejection in normal individuals, stroke vol- 
ume and heart rate have been shown to be the major 
determinants.**"* With the use of an equation previ- 
ously derived by Harley et al., a left ventricular 
ejection time (ET in seconds) was predicted from 
the Doppler-determined stroke volume (SV in milli- 
liters) as: ET predicted = 0.002 SV + 0.106. The 
magnitude of prolongation of ET in relation to SV, 
hereafter referred to as the ejection time difference, 
was defined as Doppler-measured ET minus the 
predicted ET. , 

Continuous wave Doppler measurements. Recording 
of the aortic stenotic jet velocity was obtained by 
continuous wave Doppler in 35 patients from either 
the apical, right parasternal, suprasternal, or sub- 
costal windows and has been previously reported.‘ 
In the remaining nine patients, continuous wave 
Doppler was either not performed (n = 1) or was 
inadequate for quantitation of gradients (n = 8). 
The criteria for an inadequate recording of jet 
velocity by continuous wave Doppler have been 
previously described.‘ Aortic valve area by the con- 
tinuity equation (AVA,,) was derived as stroke 
volume at the aortic anulus by pulsed Doppler 
divided by the time-velocity integral (TVI) of the 
aortic stenosis jett: l 


stroke volume 
AVA,, = ~ 
- i TV ie 


Measurements at cardiac catheterization. Cardiac 


catheterization was performed by the brachial or 


femoral approach by means of standard techniques. 
Thermodilution cardiac output was performed in 
triplicate and was averaged. Pullback pressure trac- 
ings from the left ventricle to the ascending aorta 
were later superimposed for the determination of 
mean and peak-to-peak aortic valve gradients. An 
average of three beats in sinus rhythm and five beats 
in atrial fibrillation were used for measurements. 
Left ventricular angiograms were performed in the 
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right anterior oblique view and a calibration grid 
was filmed to correct for magnification. Left ventric- 
ular volumes and ejection fractions were calculated 
with the single-plane modification of the area-length 
method corrected for overestimation with the Kass- 
er-Kennedy equation.” Aortic root contrast studies 
were performed in patients with suspected aortic 
insufficiency. Aortic valve area was determined with 
the Gorlin equation as CO/(44.5 x SEP x VAP), 
where CO is the cardiac output, SEP is the systolic 
ejection period, and AP is the mean systolic pressure 
gradient between the left ventricle and aorta.” 
Thermodilution cardiac output was used in 41 
patients and angiographic cardiac output was 
employed in the three patients with moderate aortic 
insufficiency. 

intraobserver and interobserver variability. To assess 
the intra- and interobserver variability in the deter- 
mination of ET difference, measurements of aortic 
anulus diameter, systolic time-velocity integral, and 
ET were repeated by the same observer and another 
independent observer in 16 randomly selected 
patients. Stroke volume, predicted ET, and ET 
difference were subsequently derived as described 
above. Variability in measurements is expressed as 
the mean + standard deviation of the absolute dif- 
ference between the determinations. 

Statistical analysis. Results are expressed as 
mean + SD. Correlations between Doppler and 
catheterization measurements were performed by 
linear regression analysis. A second-degree polyno- 
mial regression analysis was performed between the 
ET difference as determined by Doppler and aortic 
valve area. Critical aortic stenosis was defined as a 
valve area less than 0.75 cm?. A chi square analysis 
was used to discriminate between critical and non- 
critical aortic stenosis. 


OBSERVATIONS 


Individual values of selected Doppler and cardiac 
catheterization measurements are listed in Table I. 
Data derived from the continuous wave Doppler 
recording of the stenotic jet have been previously 
published. A wide range in Doppler parameters, 
peak-to-peak aortic gradients (9 to 101 mm Hg), 
cardiac outputs (2.8 to 8.1 L/min), and aortic valve 
areas (0.3 to 2.13 cm®) were observed. When Dopp- 
ler-determined left ventricular ET was plotted 
against heart rate, the usual relation between these 
two variables described by Weissler et al.” in normal 
patients was attenuated (r = —0.55) in the presence 
of aortic stenosis (Fig. 2). Moreover, when left 
ventricular ET was plotted against SV, the normal 
relation described by Weissler et al.” and by Harley 
et al.! was almost abolished (r = 0.37) (Fig. 2). As 
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Table |. Individual selected Doppler and catheterization measurements 





Patient 
No. Age/Sex Dx BP EF 
1 64M AS,CAD 140/86 48 
2 42 F AS 115/80 50 
3 82M AS 140/80 65 
4 76 M AS,CAD 180/85 75 
5 58M AS,CAD 110/80 30 
6 67 F AS 102/72 34 
7 52M AS 112/70 68 
8 18M AS,CAD 180/80 61 
9 82 F AS,MR 100/60 72 
10 59 M AS 130/30 65 
11* 78 F AS „110/70 75 
12* 78M AS,CAD 120/70 60 
13* 76M AS,CAD 112/86 52 
14 74M AS 110/70 42 
15 56 M AS,AI 116/74 79 
16 43M AS 90/70 20 
17 45M AS 110/70 60 
18 74 F AS,AI 120/70 55 
19* 60 M AS 130/80 65 
20 64M AS 130/80 57 
21* 55 F AS,CAD 130/90 30 
22* 51M AS,AI 120/70 65 
23 76 F AS 112/70 70 
24* 86 F AS 130/70 55 
25 82 F AS,CAD,MS 140/70 55 
26 62M AS 140/85 50 
27 53M AS,MS,MR 108/60 50 
28 69M AS,CAD 120/80 64 
29 59 F AS 142/90 56 
30 58 F AS,MR 98/60 60 
31 44F AS 122/80 72 
32 82 F AS,MS,MR 140/82 58 
33* 78 F AS 130/60 85 
34 64M AS,CAD 124/80 71 
35 73 E AS 130/74 74 
36* 72M AS 135/70 65 
37 69 F AS,MS 120/70 71 
38 50 F AS 130/80 72 
39 74M AS,CAD,MR 130/90 24 
40 56 M AS 110/70 35 
41 36 M AS 68/40 64 
42 65 M AS 140/70 65 
43 58 M AS,MS,MR 130/80 47 
44 60M AS 130/88 37 
Mean 64 128/75 57 
+SD +12 +20/10 +15 











Doppler Cath 
AR SV ET AET Grad AVA 
56 71 0.841 0.093 20 0.78 
88 48 0.293 0.091 58 0.72 
60 103 0.310 ~-0.002 63 1.28 
75 77 0.299 0.039 35 1.01 
105 46 0.282 0.084 66 0.50 
90 51 0.243 0.035 25 -0.78 
70 68 0.333 0.091 98 0.47 
59 70 0.371 0.125 70 0.60 
83 38 0.221 | 0.089 10 1.21 
77 104 0.264 —0.050 10 2.07 
94 55 0.287 0.071 40 0.90 
60 96 0.292 —0.006 15 2.13 
83 78 0.377 0.115 101 0.30 
72 65 0.318 0.082 90 0.57 
71 110 0.328 0.002 15 1.60 
105 40 0.266 0.080 40 0.40 
75 78 0.370 0.108 100 0.49 
81 56 0.342 0.124 90 0.40 
88 85 0.284 0.008 74 0.71 
60 107 0.361 0.041 65 0.84 
92 56 0.254 0.036 35 0.90 
55 104 0.328 0.014 80 0.94 
65 69 0.292 0.048 40 0.82 
67 58 0.340 0.118 100 0.40 
81 69 0.325 0.081 50 0.70 
60 73 0.310 0.058 62 0.84 
110 47 0.277 0.077 100 0.40 
63 77 0.334 0.074 60 0.61 
62 68 0.342 0.100 -57 0.57 
62 54 0.351 0.137 33 0.59 
67 84 0.341 0.067 85 0.63 
65 78 0.354 0.092 86 0.65 
57 75 0.350 0.094 70 0.71 
83 63 0.215 ~0.017 9 1.83 
89 70 0.257 0.011 40 0.98 
72 79 0.313 0.049 65 0.75 
90 85 0.300 0.024 73 0.92 
71 74 0.345 0.091 34 0.69 
67 52 0.285 0.075 20 0.96 
79 68 0.343 0.101 70 0.58 
68 85 0.273 —0.003 15 1.99 
68 70 0.287 0.041 52 0.56 
80 61 0.279 0.051 50 0.71 
103 43 0.270 0.078 40 0.67 
76 71 0.308 0.061 55 0.84 
+14 +18 +0.040 £0.043 +28 +0.45 


AI = moderate aortic insufficiency; AS = aortic valve stenosis; AVA = aortic valve area in cm’; BP = blood pressure in mm Hg; CAD = coronary artery 
disease; Cath = catheter; Dx = diagnosis; EF = ejection fraction in percent; ET = left ventricular ejection time in seconds; AET = ejection time difference in 
seconds (see text); Grad = peak-to-peak aortic gradient in mm Hg; HR = heart rate in beats/min; MR = moderate to severe mitral regurgitation; 


MS = mitral stenosis: SD = standard deviation; SV = stroke volume in ml. 


*Patients with unavailable continuous wave Doppler recordings of aortic stenosis jet velocity. 


previously observed,>!+! ET related poorly with 
aortic valve area (r = 0.46) and peak-to-peak cathe- 
ter gradients (r = 0.54). 

A highly significant inverse curvilinear relation 
was observed between the ET difference and aortic 


valve area at. catheterization (Fig. 3). The correla- 
tion coefficient was —0.87, with a standard error 
of the estimate of 0.23 cm’. The relation was 
best described by the regression equation: 
AVAgtn = 1.4 — 15 AET + 60 AET®, where AVA an is 
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Fig. 2. Correlations between left ventricular ejection time and heart rate (left panel) and between. 
ejection time and Doppler-determined stroke volume (1 ners panel) in the 44 patients with aortic stenosis. 


The solid line represents the line of regression. 


the aortic valve area (in square centimeters) deter- 
mined at catheterization and AET is the ET differ- 
ence (in seconds). Using multiple regression analysis, 
this relation was found to be independent of heart 
rate. A value of 0.060 second for the ET difference 
discriminated between critical (less than 0.75 cm?) 
and noncritical aortic stenosis (p < 0.0001), with a 
sensitivity of 88% and a specificity of 89%. With the 
use of the equation above, aortic valve area could 
therefore be estimated by Doppler from measure- 
ments of ET difference (Fig. 3). 

An inverse curvilinear relation was also observed 
between the ET difference and valve area (AVA) 
derived from the continuity equation by continuous 
wave Doppler (r= —0.92; AVA = 1.84 — 14 
AET +61 AET?; SEE = 0.16 cm? n = 35). The 
regression equation was almost identical to that 
presented in the preceding paragraph. Concordance 
in estimating critical aortic stenosis by the ET 
difference and by the continuity equation was seen 
in 31 of 35 patients (Table II). Of interest is that the 
ET difference correctly predicted critical aortic ste- 
nosis in two of three patients whose valve areas were 
greater than 0.75 cm? by the continuity equation. In 
one patient with an ET difference below 0.060 
second, the continuity equation accurately detected 
the presence of critical aortic stenosis (Table IJ). 
Furthermore, in seven of the nine patients in whom 
continuous wave Doppler recording of the aortic 
jet was not available, aortic stenosis severity was 


accurately predicted by the ET difference (Ta- 
ble I). 

Prospective patient population. To test prospective- 
ly the accuracy and applicability of the ET differ- 
ence method in evaluating the severity of aortic 
stenosis, 22 consecutive patients with suspected 
aortic stenosis referred for a Doppler echocardio- 
graphic study were enrolled prospectively. Sixteen 
of the 22 patients underwent cardiac catheterization 
within 2 + 3 days of the echocardiographic study. 
Patients characteristics and selected Doppler and 
catheterization data are presented in Table III. 
Aortic valve area was derived from determination of 
ET difference inserted into the equation given in the 
section titled “Observations” and was compared to 
valve area by the ccntinuity equation and by cardiac 
catheterization. Valve area measurements by each of 
the three methods were performed by independent 
blinded observers. 

A good correlation was observed between valve 
area derived from the ET difference using the 
above-mentioned equation and valve area derived 
by the continuity equation (r = 0.84; SEE = 0.20 
cm’), as well as valve area derived by catheterization 
(r = 0.875; SEE = 0.24 cm?) (Fig. 4). Agreement in 
differentiating critical from noncritical aortic steno- 
sis between the two Doppler methods was present in 
all 22 patients, and between either Doppler method 
and catheterization agreement was present in 15 out 
of 16 patients (94%). 
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Fig. 3. Left patel. Correlation between aortic vee area at cardiac catheterization and the: ejection time 
difference (AET = measured ejection time minus predicted ejection time from Doppler stroke volume)... 
Right panel, Correlation between aortic valve area at catheterization and Doppler-derived valve area from 
AET measurements inserted. into- the quadratic regression shown in the left panel (equation in 
Observations section of text). The open circles represent patients with stroke volume below 50 ml. The 
dashed lines illustrate cutoffs of 0.75 cm? for aortic valve area and 0.060 second for, the ejection time 
‘difference. The solid lines are the Beer equations. of thie Torrea MONS: AVAS aortic valve area; 
Cath = catheterization- l 3 
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Fig. 4. Correlation between Doppler aortic ale area in the prospective population derived from AET 
measurements using the equation from Observations section (see text) and Doppier-derived valve area 
using the continuity equation (left panel) arid valve area at catheterization (right panel), The solid lines 
are the regression equations of the correlations. Abbreviations as in Fig. 3.’ 
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Intra- and interobserver variability. The intra- and 
interobserver variability in the determination of SV 
was 7+ 4 ml and 10 + 5 ml, respectively, and in 
measurement of left ventricular ET was 0.007 + 
-0.004 second and 0.018 + 0.010 second, respectively. 
For the derivation of ET difference, the intra- and 
interobserver variability was 0.013 + 0.010 second 
and 0.015 + 0.012 second, respectively. 


COMMENTS 


Our findings confirm those of Bache et al.,” 
demonstrating that the high impedance to ejection 
imposed by a stenotic aortic valve produces a pro- 
longation of ET relative to SV and distorts the 
normal relation between these two parameters. In 
addition, we found a highly significant inverse curvi- 
linear relation between the ET difference derived by 
pulsed Doppler and aortic valve area. With a cutoff 
value for the ET difference of 0.060 second, a dis- 
tinction between critical and noncritical aortic steno- 
sis assessed by cardiac catheterization was achieved, 
with a predictive accuracy of 89%. Furthermore, the 
predictive accuracy of this index in separating critical 
from noncritical aortic stenosis was similar to that of 
the continuity equation and was maintained in the 
cases where recording of the stenotic jet was not 
possible by continuous wave Doppler. 

In contrast to the curvilinear nature of the rela- 
tion between the ET difference and aortic valve area 


demonstrated in this study, the relation described _ 


by Bache et al. was linear. This can be explained on 
the basis that their initial patient population was 
made up of patients with predominantly severe 
aortic stenosis (mean valve area, 0.57 + 0.18 em?), 
the largest valve area being 0.93 cm’. In fact, when 
larger valve areas were included in their prospective 
population, the relation became curvilinear. Inter- 
estingly, despite the different methods of measuring 
ET and SV, when the data from the study by Bache 
et al. are combined with both of our populations 
(n = 100), the relation between the ET difference 
and valve area in both studies is almost identical 
(Fig. 5). In the combined studies, the sensitivity and 
specificity for critical aortic stenosis of an ET 
difference of =0.06 second is 92% and 87%, respec- 
tively. ; 
The accuracy of the method described depends, 
among other factors, on determination of flow and 
ET. Measurements of flow at the aortic anulus have 
been accurate in patients with or without aortic 
stenosis, are more reproducible, and are easier to 
perform than at other intracardiac sites.* 1°22 Fur- 
thermore, with the use of the aortic anulus site, 
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Table It. Cross table analysis of critical and noncritical 
aortic stenosis by the ejection time difference, the conti- 
nuity equation, and cardiac catheterization 








AET AET 

=0.060 sec <0.060 sec 
AVA. <0.75 cm? 17 (17) 10 
AVA,, =0.75 cm? 3 (2) 14 (1) 





Numbers in parentheses denote the number of patients with valve area 
<0.75 cm? by cardiac catheterization. 

AVA,, = aortic valve area by the continuity equation; AET = the ejection 
time difference. 


determinations of flow and ET are performed on the 
same cardiac cycle from the same Doppler record- 
ings and thus obviate problems of matching flow to 
duration of ejection. In addition, measurements 
needed for this method can be obtained in the vast 
majority of patients, even in those with technically 
difficult echocardiographic windows.**® In cases of 
aortic or other valvular regurgitation, SV measure- 
ments at the aortic anulus represent the only accu- 
rate assessment of flow through the aortic valve. In 
situations of subaortic obstruction, however, the 
present method cannot be used because the 
increased velocity at the left ventricular outflow 
tract cannot be properly matched with an accurate 
determination of flow area. 

Other factors that could affect the duration of 
ventricular ejection relative to SV, such as heart rate 
and aortic pressure, may theoretically influence the 
accuracy of the ET difference as an index of the 
severity of aortic stenosis. In our study and in that of 
Bache et al.,” the relation between the ET differ- 
ence and aortic valve area appears to be indepen- 
dent of heart rate over a wide range of values. Still, 
caution should be exerted when applying this index 
with heart rates less than 55 beats/min or greater 
than 110 beats/min. Shaw et al. have demonstrated 
alterations in ET in elderly patients with systolic 
hypertension. The application of the present meth- 
od in situations of combined aortic stenosis and 
systemic hypertension awaits further testing, since 
only a total of five patients in this study had systolic 
blood pressure exceeding 150 mm Hg. Whether low 
cardiac output situations alter the relation between 
the ET difference and aortic valve area remains to 
be determined. However, the relation was well main- 
tained in the 10 patients with SVs below 50 ml in 
this study. Furthermore, the presence of associated 
mitral regurgitation in six patients did not appear to 
have a noticeable effect on the accuracy of the ET 
difference. 
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Fig. 5. Plot showing the relation between the ejection time difference and aortic valve area at 
catheterization in the combined populations from the initial (closed circles) and prospective patients 
(open circles) in the present study and those from Bache et al.” (closed triangles). The quadratic 
regression equation is the initial regression equation from Observations section shown in the left panel of 
Fig. 3. Abbreviations as in Fig. 3. ; 


Table lil. Individual selected Doppler and catheterization measurements in the prospective population 














Doppler Cath 
Patient 
no. Age/Sex Dx BP HR SV ET AET AVAger AVAcw MaxGr AVA Grad 
1 80 F AS 160/80 61 76 0.322 0.064 0.68 0.54 104 — — 
2 62M AS,CAD 130/80 83 39 0.227 0.043 0.87 0.86 40 0.79 30 
3 71M AS,CAD 120/80 84 43 0.273 0.081 0.60 0.38 127 0.27 100 
4 TIF AS 150/70 67 47 0.276 0.076 0.61 0.60 90 0.27 90 
5 72M AS,CAD 140/74 61 74 0.343 0.089 0.54 0.60 73 0.85 55 
6 34 F AS 100/70 76 63 0.288 0.056 0.75 1.10 32 1.00 25 
7. 62 M AS 132/78 70 94 0.310 0.016 1.17 1.26 25 — — 
8 62M AS,CAD 130/82 78 66 0.290 0.052 0.78 1.20 25 1.00 28 
9 69 M AS,CAD 120/70 94 71 0.266 0.018 1.15 1.80 30 1.30 25 
10 82 F AS 140/82 5T 86 0.351 0.073 0.62 0.60 88 0.65 86 
ll 7M AS,CAD 130/82 57 83 0.312 0.040 0.90 0.90 77 — == 
12 TIF AS,CAD 144/90 63 51 0.323 0.115 0.47 0.63 71 0.50 70 
13 68 M AS,CAD 124/80 84 63 0.242 0.010 1.26 1.43 31 1.83 0 
14 79 F AS,CAD 105/70 97 53 0.279 0.067 0.66 0.60 64 _ — 
15 73 F AS,CAD 170/80 41 85 0.314 0.038 0.92 1.20 36 1.50 20 
16 55 M AS 116/74 66 91 0.300 0.012 1.23 1.60 60 1.60 20 
17 TIM AS,CAD 140/80 58 95 0.319 0.023 1.09 1.19 33 — — 
18 72 F AS 126/60 66 70 0.287 0.041 0.89 1.50 19 1.47 | 8 
19 52M AS,CAD 110/85 90 43 0.240 0.048 0.82 0.90 23 0.80 30 
20 75M AS,CAD 120/80 63 72 0.339 0.089 0.54 0.64 88 0.60 70 
21 66 F AS 180/86 17 61 0.308 0.080 0.58 0.67 74 0.60 55 
22 76 F AS 170/80 92 6l 0.253 0.025 1.06 0.88 47 — — 











AVA,er = Doppler aortic valve area in cm? derived from AET measurements inserted in the equation illustrated in Observations section (see text); 
AVAcw = valve area in cm? using the continuity equation; MaxGr = maximal aortic gradient by Doppler in mm Hg using the modified Bernoulli equation‘; 
other abbreviations and units as in Table I. 
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In conclusion, the ET difference, derived by 
pulsed Doppler and echocardiographic measure- 
ments at the aortic anulus, is an accurate index of 
aortic stenosis severity. The major advantage of this 
parameter is that it does not require measurement 
of the stenotic jet velocity. The ET difference can 
therefore be used to corroborate results obtained 
with the continuity equation, especially in cases 
where the adequacy of recording of aortic jet veloci- 
ty is in doubt. In addition, this index is particularly 
valvuable in instances where interrogation of the 
stenotic jet by continuous wave Doppler is not 
feasible. 


SUMMARY 


The present investigation was designed to derive 
an accurate pulsed Doppler method of assessing 
aortic stenosis severity that does not rely on mea- 
surement of aortic jet velocity. Left ventricular ET 
and SV were determined from pulsed Doppler 
recordings of flow velocity at the aortic anulus in 44 
mostly normotensive patients with aortic stenosis. 
Aortic valve area at catheterization ranged between 
0.3 and 2.13 cm®. A predicted ET was derived from 
Doppler-determined SV with the use of a regression 
equation previously described by Harley et al. A 
significant inverse quadratic relation was observed 
between the ET difference (AET), defined as mea- 
sured ET minus predicted ET, and valve area at 
catheterization (r= —0.87; valve area = 1.4 — 15 
AET + 60 AET?; SEE = 0.23 cm?). An ET difference 
of =0.060 second was 88% sensitive, 89% specific, 
and 89% accurate for detecting critical aortic steno- 
sis. Thus the ET difference, derived from measure- 
ments of SV and ET by pulsed Doppler, is a 
sensitive index for detection of critical aortic steno- 
sis that is independent of determination of aortic jet 
velocity. This index should complement the Doppler 
evaluation of aortic stenosis, especially in cases 
where interrogation of the stenotic jet with continu- 
ous wave Doppler is inadequate. 


Our sincere appreciation to Ms. Almanubia Cespedes for her 
valuable assistance in manuscript preparation. 
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Left ventricular pseudopseudoaneurysm: 
Angiographic features and surgical 
treatment of impending cardiac rupture 


Michael P. Savage, MD, James T. Hopkins, MD, 

John Y. Templeton, II, MD, 

Warren P. Goldburgh; MD, and Sheldon Goldberg, MD. 
Philadelphia, Pa. 


Cardiorrhexis is a dreaded complication of acute myocar- 
dial infarction (MI) that usually results in massive hemo- 
pericardium and fatal cardiac tamponade. In this report, 
we describe a unique left ventricular “pseudopseudoaneu- 
rysm” in a patient with impending free wall rupture. 

A 70-year-old man was referred to the Thomas Jeffer- 
son University Hospital because of postinfarction angina. 
In 1973, he suffered an anteroseptal MI. Cardiac catheter- 
ization in 1977 demonstrated apical akinesis of the left 
ventricle and total occlusion of the proximal left anterior 
descending coronary artery. The patient subsequently did 
well until July 1986, when he suffered an acute inferior 
MI. Because of recurrent chest pain, he was referred for 
cardiac catheterization 10 days after the acute infarct. 
Physical examination was normal except for an S, gallop. 
Electrocardiography demonstrated sinus rhythm, an old 
anterior MI, and a recent inferior Q wave MI. Chest 
radiography showed cardiomegaly. Echocardiographic 
study was technically limited and the left ventricle was 
poorly visualized. 

Cardiac catheterization demonstrated a resting left 
ventricular pressure of 120/20 mm Hg. Right atrial pres- 
sure was 4 mm Hg and pulmonary artery pressure was 
30/12 (16) mm Hg. Biplane left ventricular cineangiogra- 
phy (Fig. 1) revealed a false chamber arising from the 
diaphragmatic wall that displayed the typical angiograph- 
ic appearance of a pseudoaneurysm—a saccular chamber 
that connected to the ventricle through a narrow neck and 
that paradoxically expanded during systole. Coronary 
angiography demonstrated total occlusion of the proximal 
left anterior descending coronary artery, total occlusion of 
the first circumflex marginal branch, diffuse disease of the 
distal circumflex, and multiple 90% stenoses in the distal 
right coronary artery that was the anatomically dominant 
vessel. 

Intraoperatively, the exterior surface of the left ventri- 
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cle was intact without evidence of free wall rupture or 
pseudoaneurysm on careful inspection. A discrete area of 
softening was palpated posteriorly at the site of recent 
transmural infarction. The myocardium appeared to be in 
a prerupture state, with a thin rim of infarcted tissue 
overlying a necrotic intramural cavity that had not yet 
dissected through the epicardial surface. This site and the 
adjacent infarct area (4.0 x 3.5 cm) were resected. Ven- 
triculorrhaphy was then made with a patch of glutaralde- 
hyde-treated bovine pericardium buttressed with Teflon 
felt pledgets. Aortocoronary bypass grafts were placed to 
the right coronary, left anterior descending, and two 
circumflex marginal arteries. An intraaortic balloon pump 
was inserted prior to termination of cardiopulmonary 
bypass to relieve the afterload stress on the newly repaired 
left ventricular wall. The patient was hemodynamically 
stable throughout his postoperative recovery. One year 
after surgery, he remains physically active without symp- 
toms. 

Cardiac rupture usually presents as a fatal apoplectic 
event during the first 2 weeks after acute transmural MI.! 
The pathogenesis of cardiac rupture begins when a small 
subendocardial rent forms within the acutely infarcted 
tissue. Blood then progressively dissects through the 
necrotic bed of myocardium, usually over a period of 
several days. The diagnosis should be suspected clinically 
when a patient with recent infarction develops sudden 
recurrence of chest pain rapidly followed by signs of 
cardiac tamponade or electromechanical dissociation. 
Successful treatment has been limited by the absence of 
reliable diagnostic signs’ of impending rupture and the 
rapidity of hemodynamic collapse once rupture occurs.” 

Occasionally, cardiac rupture is contained within a 
localized hemopericardium by fibrous adhesions of the 
parietal pericardium, thereby forming a left ventricular 
pseudoaneurysm.’ In contrast to true aneurysms, the wall 
of the false aneurysm is composed of organized hematoma 
and adherent pericardium that lacks any elements of the 
original myocardial wall. Thus pseudoaneurysms have the 
propensity for further rupture.‘ With cineangiography or 
echocardiography, pseudoaneurysms are readily identified 
by a small orifice that is characteristically narrow com- 
pared to the aneurysmal fundus. 

In our patient, contrast ventriculography demonstrated 
the angiographic features typical of a left ventricular 
pseudoaneurysm. Intraoperatively, no pseudoaneurysm 
was apparent. Rather, the false chamber was found to be a 
hemorrhagic pocket that had dissected through the fresh- 
ly necrotic myocardium but had not yet ruptured into the 
pericardial space. This structure was thus a “pseudopseu- 
doaneurysm,” representing an intermediate stage in the 
course of a nascent cardiac rupture (Fig. 2). An important 
angiographic clue to the correct preoperative diagnosis in 
this patient was the epicardial course of the distal right 
coronary artery, the location of which was exterior to the 
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Fig. 1. Left ventricular angiography is shown in the 30-degree right anterior oblique (A) and 60-degree 
left anterior oblique (B) projections. The false chamber arises from the inferobasal wall and connects to 
the left ventricle through a narrow neck (arrowheads). The angiographic appearance is that of a small 
pseudoaneurysm. 


PSEUDOANEURYSM PSEUDOPSEUDOANEURYSM 


ENDO EPI ENDO 





Fig. 2. The anatomic features of a typical pseudoaneurysm (PA) and the pseudopseudoaneurysm (PPA) 
described in this report are diagrammatically illustrated. While both are saccular chambers that 
communicate with the left ventricle (LV) through a narrow-necked orifice, the pseudoaneurysm results 
from transmural rupture that has been contained by an adherent wall of parietal pericardium, whereas the 
pseudopseudoaneurysm represents a state of impending transmural rupture. Note that the course of the 
epicardial coronary artery (CA) lies exterior to the outermost confine of the pseudopseudoaneurysm, in 
contrast to the pseudoaneurysm. ENDO = endocardium; EPI = epicardium. 
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outermost confine of the false chamber. In contrast, a 
typical pseudoaneurysm would extend into the pericardial 
space beyond the coronary artery situated on the epicar- 
dial surface. 

Similar findings have been previously observed in post- 
mortem hearts. In a series of 1228 patients with acute MI 
studied at autopsy, Lewis et al. described three cases of 
“impending rupture” in which hemorrhagic dissection 
through the myocardium had occurred without disruption 
of the epicardium at the time of death. In our patient, 
antemortem diagnosis and successful treatment was possi- 
ble and has enabled him to resume an active life. 

Recurrent chest pain, due to the dissection of blood 
through the myocardium, often heralds free wall rupture 
following myocardial infarction.‘ In our patient, recurrent 
pain prompted early cardiac catheterization. In the future, 
as the diagnostic evaluation of postinfarction angina 
becomes more aggressive due to the improved results of 
early revascularization, similar cases of impending rupture 
may be more frequently diagnosed in the cardiac catheter- 
ization laboratory. Proper recognition of this entity should 
facilitate prompt, definitive therapy. 
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Post-exercise coronary artery spasm 


Ara Sadaniantz, MD, David Kitzes, MD, and 
Paul D. Thompson, MD. Providence, R.I. 


Necropsy examinations of adults who die during exercise 
usually reveal advanced coronary artery disease.! Hyper- 
trophic cardiomyopathy, idiopathic myocardial hypertro- 
phy, and anomalous origin of the coronary arteries are 
among the abnormalities found in exercise-related deaths 
of younger subjects. Pathologic findings are not always 
present at autopsy in exercise-related deaths,' however, 
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Fig. 1. Electrocardiograms at rest, during peak exercise, 
and at 10 and 25 minutes after termination of exercise. 





Fig. 2. Right coronary angiogram. Arrows indicate the 
proximal and mid atherosclerotic lesions. 


and myocardial infarctions during exercise have even been 
reported’ in subjects with widely patent coronary arteries. 
Since exercise can occasionally induce coronary artery 
constriction,* the latter may precipitate some of these 
cardiac events. This case report demonstrates that the 
cardiovascular changes with exercise can also induce 
coronary artery spasm in the postexercise period. 
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Fig. 3. Selective circumflex coronary (CCA) angiogram. 
Arrows indicate the 50% mid-vessel lesion. The left main 
coronary artery was short, so that the CCA and left 
anterior descending (LAD) arteries were separately can- 
nulated. The LAD was normal but did not reproduce well 
in single-frame photography. 


A 34-year-old, obese (height = 177 cm, weight = 140 
kg), white man with sleep apnea underwent a treadmill 
exercise test for evaluation of new onset angina pectoris. 
He exercised for 8.6 minutes of the standard Bruce 
protocol and achieved a peak heart rate of 140 beats/min 
and a peak rate-pressure product of 28,000 without chest 
pain or ST-T wave abnormalities. Six minutes after 
exercise, however, at a heart rate of 90 beats/min and a 
systolic pressure of 160 mm Hg, the patient reported chest 
discomfort. He subsequently developed 7 mm of ST 
segment elevation in leads II, III, aVp, V4, and V; (Fig. 1). 
He was treated with sublingual nitroglycerin and nifedi- 
pine, with resolution of symptoms and ECG changes after 
25 minutes. Creatine phosphokinase (CPK) levels peaked 
8 hours after the episode at 230 IU, with 8.0% of the 
enzyme in the MB fraction. Coronary angiography demon- 
strated 30% to 50% cross-sectional narrowing of the right 
and circumflex coronary arteries (Figs. 2 and 3). There 
was mild inferior wall hypokinesis. Ergonovine provoca- 
tion of coronary spasm was not attempted. The patient 
was discharged on nifedipine and has had no episodes of 
chest discomfort over the ensuing 9 months. 

Parasympathetic nervous system activity is reduced 
during exercise and, together with enhanced sympathetic 
stimulation, is responsible for the increase in heart rate. 
These autonomic adjustments reverse after exercise, with 
a decrease in sympathetic activity and an increase in 
parasympathetic tone. Prior reports of coronary artery 
spasm during exercise have been attributed’ either to 
enhanced or to imbalanced sympathetic tone with alpha- 
adrenergic coronary artery constriction in excess of beta- 
adrenergic vasodilatation. Recent studies have also sug- 
gested that the parasympathetic nervous system influ- 
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ences coronary vascular tone. Acetylcholine causes coro- 
nary artery dilatation in subjects with normal coronary 
arteries, presumably by releasing an endothelial-derived 
vasodilator.*5 In subjects with even mild atherosclerosis, 
acetylcholine causes coronary constriction, possibly 
because atherosclerosis interferes with the vasodilating 
function of the endothelium. Both of these studies,** 
however, simulated parasympathetic activity by infusing 
acetylcholine into the coronary tree and therefore it could 
not be determined if parasympathetic activity is operative 
in more physiologic situations. In the present report, 
presumed coronary artery spasm occurred soon. after 
exercise when sympathetic stimulation is decreasing and 
when parasympathetic tone is reestablished. Similar ST 
segment elevation after exercise in patients with coronary 
artery disease has occasionally been noted by others.® 
These observations support the concept that physiologic 
parasympathetic activity contributes to coronary artery 
spasm in rare patients. Furthermore, coronary artery 
spasm may mediate some of the cardiac events that occur 
immediately after exercise in patients with minimal coro- 
nary artery disease. 


REFERENCES 

1. Thompson PD. Cardiovascular hazards of physical activity. 
In: Terjung RL, ed. Exercise and sport sciences reviews. 
Philadelphia: Franklin Institute, 1982:10:208-35. 

2. Green LH, Cohen SI, Kurland G. Fatal myocardial infarction 
in marathon racing. Ann Intern Med 1976;84:704-6. 

3. Yasue H, Omote S, Takizawa A, Nagao M, Miwa K, Tanaka 
S. Circadian variation of exercise capacity in patients with 
Prinzmetal’s variant angina: role of exercise-induced coro- 
nary arterial spasm. Circulation 1979;59:938-48. 

4. Yasue H, Horio Y, Nakamura N, et al. Induction of coronary 
artery spasm by acetylcholine in patients with variant angina: 
possible role of the parasympathetic nervous system in the 
pathogenesis of coronary artery spasm. Circulation 1986; 
74:955-63. 

5. Ludmer PL, Selwyn AP, Shook TL, et al. Paradoxical 
vasoconstriction induced by acetylcholine in atherosclerotic 
coronary arteries. N Engl J Med 1986;315:1046-51. 

6. Weiner DA, Schick EC, Hood WB, Ryan TJ. ST-segment 
elevation during recovery from exercise. Chest 1978;74: 
133-8. 


Coronary thrombosis precipitated by 
hyperventilation-induced vasospasm 


C. Michael Wright, MD, Robert Engler, MD, and 
Alan Maisel, MD. San Diego, Calif. 


Coronary artery spasm is a frequent cause of angina at rest 
and is often superimposed on a fixed atherosclerotic 
obstruction.! While myocardial infarction occurring after 
pharmacologic provocation of coronary spasm, even in 
normal arteries, has been demonstrated angiographically,’ 
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Fig. 1. A, Right coronary artery prior to hyperventilation with proximal stenosis. B, Complete 
obstruction of right coronary artery by thrombus formation following hyperventilation. C and D, 
Progressive dissolution of clot following streptokinase infusion. 


hyperventilation is reported? to be a safe method for 
provoking coronary artery spasm, and is often performed 
during routine electrocardiographic (ECG) stress testing 
or at the bedside. To our knowledge, there are no reports 
in the literature of hyperventilation provoking spasm 
followed by thrombosis. 

A 64-year-old white diabetic man was admitted for 
cardiac catheterization. He reported 8 years of infrequent 
nonexertional angina relieved by sublingual nitroglycerin. 
One month earlier he experienced chest pressure followed 
by syncope while dancing. He was admitted to the inten- 
sive care unit of another hospital where the ECG revealed 
ST segment elevation in leads II, III, and aVp. A diagnosis 
of myocardial infarction was confirmed by a peak serum 
creatine kinase (CK) level of 539 U, with 6% MB fraction. 
He had an uneventful hospital course, including a normal 
submaximal exercise test. Several days before admission, 


he underwent a symptom-limited Balke Ware exercise test 
that was stopped after 7 minutes because of fatigue. 
Twelve minutes following exercise, he experienced chest 
pain and the ECG showed 2 to 3 mm ST segment elevation 
in leads V, and V,. Five minutes later, the chest pain and 
ECG changes had resolved. Shortly thereafter, while in 
the cafeteria, he again developed chest pain followed bya 
syncopal episode. An ECG showed 2 to 3 mm ST segment 
elevation in leads II, III and aVp. The pain was relieved in 
the intensive care unit with intravenous nitroglycerin, and 
the CK did not rise. His physical examination at the time 
of transfer to our institution revealed a blood pressure of 
105/55 mm Hg and a heart rate of 75 beats/min. There was 
an apical fourth heart sound and a grade I/VI systolic 
ejection murmur. The ECG showed T wave inversions in 
leads II, III and aVy. 

Right heart catheterization revealed normal right-sided 
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Fig. 2. ECG rhythm strip, recorded before (top) and following (bottom) hyperventilation, showing ST 


segment elevation and marked sinus bradycardia. 


pressures and a normal pulmonary capillary wedge pres- 
sure. Coronary arteriography revealed a 50% to 75% 
stenosis of the first obtuse marginal branch and a 95% 
stenosis of the proximal right coronary artery (Fig. 1, A). 
To explore the possibility that the two syncopal episodes 
were due to arrhythmia secondary to vasospasm, the 
patient was instructed to hyperventilate for 30 seconds. 
One minute after cessation of hyperventilation, he experi- 
enced chest pain and acute ST segment elevation in leads 
Il, III, and aVp (Fig. 2). The blood pressure fell to 60/20 
mm Hg, and the heart rate slowed to 20 to 30 beats/min. 
After initiation of ventricular pacing, a right coronary 
angiogram showed complete obstruction by thrombus at 
the site of the 95% stenosis previously seen (Fig. 1, B). 
The vessel remained occluded following intracoronary 
nitroglycerin administration. Therefore, a 20 x 10° U 
bolus of streptokinase was given via the right coronary 
ostium, followed by 1000 U per minute for 1 hour. Right 
coronary angiograms then revealed progressive dissolution 
of the clot without change in the underlying stenosis (Fig. 
1, C and D). The patient received intravenous heparin and 
returned to the cardiac care unit. Subsequently, no rise in 
CK occurred. One week later, the patient underwent 
successful coronary artery bypass grafting. 

Coronary arterial spasm, while suspected as a mecha- 
nism for angina for the past 100 years, was defined as a 
syndrome by Prinzmetal et al.‘ In the early 1970’s, angio- 
graphic evidence of coronary spasm began to be docu- 
mented.® Since then, vasoconstrictive reduction in coro- 
nary blood flow has become recognized’ as a common 
cause of angina at rest, in patients with both normal and 
atherosclerotic vessels. Ergonovine maleate, a short-acting 
alkaloid, is the agent of choice for provoking coronary 
spasm, and should preferably be used in the cardiac 
catherization laboratory, since refractory spasm, infarc- 
tion, and death have been reported. Hyperventilation, on 
the other hand, has been proposed? as a useful, safe 
bedside maneuver for eliciting coronary vasospasm. To 
our knowledge, there are no prior reports of hyperventila- 
tion-induced coronary thrombosis. 


Our patient had a history of nonexertional chest pain 
relieved by nitroglycerin. He also experienced syncope, 
which can occur as a result of transient sinus node 
dysfunction or atrioventricular (AV) junctional conduc- 
tion abnormalities in patients with coronary spasm. The 
angiogram showed atherosclerosis of two vessels, but no 
complete obstructions. We hypothesize that hyperventila- 
tion induced spasm in the vicinity of the 95% right 
coronary artery lesion, and that thrombosis quickly fol- 
lowed, although local dissection cannot be ruled out with 
certainty. Fortunately, intracoronary and systemic strep- 
tokinase successfully dissolved the clot, with no evidence 
that myocardial injury had occurred. 

This case suggests that hyperventilation, as a provoca- 
tive test for coronary arterial spasm, should be done only 
in a monitored setting with thrombolytic therapy avail- 
able in case of thrombosis. Provocation of coronary arteri- 
al spasm should be avoided in patients with high-grade 
stenoses, because if spasm is induced, it may well prove 
refractory to pharmacologic reversal. 
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Massive aneurysmal dilatation of 
saphenous vein grafts used for 
systemic-pulmonary artery shunts: A role 
for magnetic resonance imaging in 
diagnosis 


Andrew Goldfarb, MD,* Delores Danilowicz, MD," 
Deborah M. Friedman, MD, Regina Gluck, MD,” 
William M. Rumancik, MD, and Itzhak Kronzon, MD.* 
New York, N.Y. 


Saphenous vein grafts have been used as arterial bypasses 
for obstructive disease in such diverse sites as coronary, 
carotid, renal, and femoral arteries; they have also have 
been placed between the systemic and pulmonary circula- 
tion as aortopulmonary shunts in infants and children 
with cyanosis.’ Although intimal proliferation, progressive 
atherosclerosis, and false anastomotic aneurysms have 
been demonstrated** in saphenous veins exposed to the 


arterial circuit, true aneurysmal dilatation is exceedingly. 


rare. When present, it is usually diagnosed by contrast 
angiography. We describe two individuals with cyanotic 
congenital heart disease in whom massive dilatation 
occurred in saphenous vein grafts placed between the 
systemic and pulmonary circulation. In one, diagnosis was 
made by cineangiography. In the other, echocardiography 
and contrast angiography were not conclusive, and the 
definitive presence of aneurysmal dilatation was ascer- 
tained by magnetic resonance imaging. 

Case No. 1. A 26-year-old man had cyanosis and a heart 
murmur at birth. Initial catheterizations at 2 and 4 years 
of age led to a diagnosis of transposition of the great 
arteries, ventricular septal defect, pulmonic stenosis, and 
questionable tricupid atresia. A Glenn anastomosis was 
performed at age 4 years. This provided good palliation 
until age 14 years, when increasing cyanosis, exercise 
intolerance, and polycythemia necessitated a second 
shunting procedure. At operation, an exploratory atrioto- 
my was performed for clarification of tricuspid valve 
anatomy. The tricuspid valve orifice was found to be 
intact, but small. Anatomic position of the aorta and 
pulmonary artery precluded direct anastomosis, and 
accordingly an autogenous left saphenous vein was anasto- 
mosed to the anterolateral portion of the aorta and the 
confluent portion of the pulmonary artery, resulting in 
good flow. 

The patient did well after this second shunt until 10 
years later, when increasing cyanosis and polycythemia 
led to another catheterization. Chest roentgenogram on 
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Fig. 1. Case No. 1. Angiogram of saphenous vein graft 
aneurysm (An), lateral projection. PA = pulmonary 
artery. 


admission revealed increased pulmonary vascularity and 
fullness of the left hilus. Cineangiography confirmed the 
anatomic findings of the previous studies, demonstrating 
two atrioventricular valves and a functioning Glenn anas- 
tomosis with a mild atrial leak. The saphenous vein graft 
was patent, but was aneurysmally dilated in almost its 
entire length except at the anastomotic sites (Fig. 1). 
Calcification was noted in the wall of the vein. A modified 
Fontan procedure was performed several months later. At 
surgery, the vein graft aneurysm was resected and mea- 
sured approximately 6 cm in diameter. Pathologic exami- 
nation revealed calcification and fibrosis. Two years post- 
operatively, the patient has remained well. 

Case No. 2. A 35-year-old white man was born with 
cyanotic congenital heart disease. A murmur was heard 
soon after birth, and progressive cyanosis led to the 
creation of a left Blalock-Taussig anastomosis at the age 
of 2 years. Cyanosis slowly recurred and a right Blalock- 
Taussig anastomosis was performed at 5 years of age. At 
age 12 years, a first cardiac catheterization was done and 
was reported to show complete transposition of the great 
arteries, a single ventricle, atrial septal defect, pulmonary 
outflow obstruction, a patent right Blalock-Taussig shunt, 
and an occluded left Blalock-Taussig shunt. At age 15 
years increased cyanosis and decreased exercise tolerance 
led to a third shunting procedure, in which a 10 cm long 
autogenous saphenous vein graft was interposed between 
the left subclavian artery and the side of the left pulmo- 
nary artery. Surgery was complicated and prolonged by 
extensive adhesions and collaterals, causing excessive 
bleeding and difficulty in hemostasis. Since this opera- 
tion, the patient has remained stable, experiencing only 
occassional atypical chest pain, unrelated to exercise. 
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Fig. 2. Case No. 2. Posteroanterior (A) and lateral (B) chest roentgenogram. (See text for description.) 


At 35-years of age the patient first presented to our 
echocardiographic laboratory. Echocardiographic exami- 
nation revealed a large ventricular defect rather than the 
previously suspected single ventricle. Transposition of the 
great arteries was documented. Doppler study revealed a 
100 mm Hg gradient across the pulmonary outflow tract. 
Because of this new information, atypical chest pain, and 
persistent polycythemia, the patient was readmitted for a 
repeat cardiac catheterization. Chest roentgenography on 
admission showed unusual densities to the right and left 
of the cardiac silhouette (Fig. 2). The lateral view revealed 
a large posterior and superior mass. On review of previous 
films, these findings had been present for at least 4 years. 
Prior to catheterization, these masses were thought to 
represent a dilated ascending aorta and left pulmonary 
artery. 

The catheterization did indeed reveal two ventricles 
with a large ventricular septal defect. There was a moder- 
ate-sized atrial septal defect, two normal atrioventricular 
valves with no regurgitation, and transposition of the 
great arteries. It was impossible to enter the pulmonary 
artery by catheter, but right ventricular outflow obstruc- 
tion was demonstrated by cineangiography. Aortic root 
and aortic arch angiograms were performed. The ascend- 
ing aorta was dilated with mild aortic regurgitation, and 
there was one large single coronary artery present. Marked 
bronchial collateral flow was noted to both lungs, to the 
left more than to the right. The right Blalock-Taussig 
shunt was patent but with minimal flow. There was 
swirling of contrast material seen from the area of the left 
innominate artery into a markedly dilated structure whose 


identity remained uncertain because of poor filling, rapid 
dilution of the contrast material, and inability to opacify 
the structure distally. 

Magnetic resonance imaging was performed (Fig. 3). A 
dilated structure measuring 8 cm in diameter at the level 
of the aortic arch was seen to arise from the region of the 
left innominate artery. This was followed distally to the 
region of the left pulmonary artery, where it narrowed 
abruptly in contour at its insertion and thus represented a 
fusiform vein graft aneurysm. No clot was seen in this 
structure; however, the signal throughout its length dem- 
onstrated slow flow phenomenon. Operative removal of 
the aneurysmal graft was considered, but it was felt that 
reentering a thoracic cavity with previously demonstrated 
adhesions and extensive collaterals posed a greater risk to 
the patient than conservative management. He has 
remained stable now almost 1 year later. 

Comments. Although saphenous veins have been used 
widely for bypass of obstructive arterial disease, aneurys- 
mal dilatation of these arterial substitutes has been noted 
to occur only sporadically in isolated segments of veins 
anastomosed to such locations as the carotid, popliteal, 
and coronary arteries,“ with just a few attaining the 
enormous dimensions seen in the two cases pre- 
sented.**%!2 To our knowledge, there have been no 
reported cases of aneurysmal dilatation of saphenous 
veins interposed between the systemic and pulmonary 
circulation, a procedure performed far less frequently. 

Saphenous vein graft aneurysms have occurred both 
early and late after placement, and may be atherosclerotic 
or nonatherosclerotic. Nonatherosclerotic vein graft aneu- 
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Fig. 3. Case No. 2. Gated magnetic resonance images of the thorax (effective recovery time [TR], 540 
msec; TE [echo-time] 30 msec [A and B]; TE 60 msec [C]). A, Coronal image at the level of the superior 
vena cava (suc) demonstrates a saphenous vein graft aneurysm (An) containing signal. The proximal 
anastomosis is seen (arrow) at its origin from the left innominate artery (in). AA = aortic arch; RA = right 
atrium. B, Coronal image 3 cm posterior to A. There is a narrowing at the distal vein graft insertion 
(arrowhead) into the left pulmonary artery (LPA). C, Second echo axial image shows marked signal 
enhancement within the lumen of the vein graft, a result of even echo rephasing, signifying flow. 
Ao = ascending aorta; DA = descending aorta; PA = pulmonary artery. 


rysms have been seen previously®! in grafts that have 
been in place for 2 years or less. The overwhelming 
majority of aneurysms have been diagnosed 3 years or 


longer after placement,’ and in all cases in which - 


pathologic examination was performed, were found to be 
atherosclerotic. In our first case, however, there was no 
evidence of atherosclerotic involvement 10 years after 
surgery, only intimal fibrosis and calcification. 
Development of vein graft aneurysm has been postu- 
lated to involve such mechanisms as damage to the vessel 
wall at the time of surgery, weakness at a branch site,’ vein 


graft necrosis,!° progressive complicated atherosclerotic 
lesions, and loss of integrity of elastic tissue.!* In contrast 
to the rare occurrence of aneurysms of veins anastomosed 
to the popliteal or coronary arteries, veins anastomosed to 
the renal artery have a substantial, 5% to 8% incidence of 
aneurysm formation." The majority of these appear 
within 2 years of placement, occur in patients less than 20 
years of age, and are characterized by dilatation through- 
out their entire length. An inciting mechanism for these 
differences is the greater blood flow through renal arteries 
as compared to the coronary and femoral arteries. The 
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` nutrient blood supply of veins in younger individuals may 


be more dependent on their more extensive vasa vasorum 
and penetrating vascular loops, and thus may be subject to 


greater degrees of mural ischemia during transplanta- . 


tion.® These mechanisms may have been operative in our 
patients. In addition, a greater amount of shear stress 
would be expected in grafts connecting the aorta to a lower 
pressure vessel such as the pulmonary artery, with resul- 
tant higher velocity blood flow in the interposed seg- 
ment. 

Sequelae of vein graft aneurysms have included occlu- 
sive® "© and nonocclusive thrombus,*" and rupture, 
with® or without‘ pseudoaneurysm formation. Stasis of 
blood within the aneurysm will predispose to thrombus 
formation. Rupture has been associated with larger aneu- 
rysms, as would be expected from Laplace’s law. 

The presence of a vein graft aneurysm can be suspected 
from physical examination, when it is situated in superfi- 
cial locations such as the carotid’ and femoral’ sites. 
Aneurysms of grafts placed in the thoracic cavity can 
often be suspected on the basis of chest roentgenographic 
abnormailities,*®*® as were present in our patients. For 
definitive diagnosis, angiography has usually been 
employed. 

However, computed tomography may serve as a diag- 
nostic alternative. This technique better delineated the 
extent of a pseudoaneurysm than did angiography in one 


- patient with an aneurysm of a coronary artery bypass 


graft,’ and ascertained the presence of two aneurysmal 
coronary bypass grafts in another patient in whom severe 
renal failure precluded the use of intravenous contrast 
material.’ In our second case, magnetic resonance imaging 
was necessary to delineate the exact nature of the paracar- 
diac mass, despite an initial attempt to do so by angiogra- 
phy. Additional information concerning blood flow and 
the presence or absence of thrombus was also obtained. 
Echocardiography was unable to visualize this paracardiac 
structure. Magnetic resonance imaging may therefore be 
extremely useful in diagnosis and follow-up of this entity, 
even when other procedures are of limited diagnostic 
quality. 

The demonstration of massive aneurysmal dilatation of 
systemic-pulmonary artery shunts placed in two young 
adults at our institution should prompt careful observa- 
tion in others who are undergoing or who have already 
undergone this procedure. The diagnosis of massive aneu- 
rysmal dilatation can be made noninvasively, as is evident 


‘from our second case. Any abnormal paracardiac mass in 


individuals who have had a saphenous vein systemic- 
pulmonary artery shunt should raise the possibility of a 
vein graft aneurysm and should be further investigated. 
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Atrial septostomy for pulmonary 
hypertension’ 
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Recurrent thromboembolic disease related to ventriculo- 
atrial shunting for hydrocephalus may result in irrevers- 


From Walter Reed Army Medical Center and Uniformed Services Univer- 
sity of the Health Sciences. 

Reprint requests: Tyrone J. Collins, MD, MAJ, MC, Cardiology Service, 
Walter Reed Army Medizal Center, Washington, DC 20307. 

*The opinions expressed are those of the authors and are not to be 
construed as official or as reflecting the views of the Department of the 
Army or the Department of Defense. 


874 Brief Communications 


ible pulmonary hypertension.:? Moreover, pulmonary 
hypertension in the presence of intact atrial and ventricu- 
lar septa may cause heart failure that responds poorly to 
medical therapy. We report a case of intractable cor 
pulmonale after ventriculoatrial shunting that was suc- 
cessfully palliated with blade and balloon atrial septosto- 
my. 

The patient was born prematurely and required 
mechanical ventilation. Secondary hydrocephalus was 
treated with a ventriculoatrial shunt. The shunt was 
replaced by a ventriculo-pleural shunt at 5 years of age 
and was removed at 10 years of age. At 11 years of age, the 
onset of right heart failure prompted the patient’s admis- 
sion to Walter Reed Army Medical Center. The admission 
physical examination was remarkable for cardiac mur- 
murs consistent with tricuspid regurgitation and pulmo- 
nary regurgitation, ascites, hepatomegaly, and pedal ede- 
ma. The chest radiograph demonstrated cardiomegaly, 
bilateral pleural effusions, and prominent central pulmo- 
nary vascular markings. The electrocardiogram (ECG) 
showed right ventricular hypertrophy. Echocardiography 
demonstrated a dilated right atrium, an enlarged right 
ventricle, and paradoxical septal motion. Doppler evalua- 
tion confirmed tricuspid and pulmonary insufficiency. 
The patient’s right-sided heart failure did not respond to a 
10-day inpatient course of therapy consisting of oxygen, 
digoxin, and diuretics. Cardiac catheterization was per- 
formed 2 weeks after admission. There were suprasys- 
temic right ventricular and pulmonary arterial pressures 
(pulmonary artery mean pressure, 84 mm Hg). Pulmonary 
vascular resistance was calculated to be 44 Wood units. 
There was no significant change in pulmonary pressures 
or resistances related to the administration of oxygen or 
nitroglycerin. Pulmonary artery wedge angiography dem- 
onstrated diffuse pruning of small vessels and poor capil- 
lary blushes, consistent with severe pulmonary vascular 
disease.? Because of refractory heart failure, repeat cathe- 
terization and blade and balloon atrial septostomy were 
performed approximately 1 month after admission. 
Transseptal catheterization was initially performed, and it 
was followed by blade septostomy with a 1.5 cm Park 
blade septostomy catheter (Cook Inc., Bloomington, Ind.) 
(completing three passes). The septostomy was then di- 
lated with a 20 mm diameter Mansfield balloon valvulo- 
plasty catheter (Mansfield Scientific Inc., Mansfield, 
Mass.) that was inflated after positioning its midpoint 
across the atrial septum. Systemic arterial oxygen satura- 
` tion decreased from 95% before septostomy to 91% after 
septostomy. Pressures before and after septostomy 
respectively were: mean right atrial pressure 16_mm Hg 
and 14 mm Hg; mean left atrial pressure 3 mm Hg and 14 
mm Hg; and pulmonary artery pressure 100/50 mm Hg 
and 80/50 mm Hg. Femoral artery pressure was 100/50 
mm Hg before and after septostomy. Immediately after 
atrial septostomy, the patient was treated with intrave- 
nous fluids and a dobutamine infusion. Significant 
symptomatic improvement was noted and the pa- 
tient’s hepatomegaly, ascites, pleural effusions, and 
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peripheral edema resolved. Contrast echocardiography 
performed 2 months and 10 months later revealed right- 
to-left shunting at the atrial level. The patient has been 
maintained on digoxin, furosemide, and aspirin. At 12 
months follow-up, he shows no recurrent signs of right- 
sided heart failure. 

Primary pulmonary hypertension (pulmonary arterial 
hypertension of unknown cause) has been associated with: 
pulmonary veno-occlusive disease, recurrent thromboem- 
bolism, and plexogenic arteriopathy.‘ Moreover, Noonan, 
Ehmke! and Friedman et al.? have reported pulmonary 
vascular disease developing in patients with ventriculo- 
atrial shunting for hydrocephalus. There is no effective 
medical therapy for right-sided heart failure related to 
irreversible pulmonary vascular disease. However, Austen 
et al. demonstrated beneficial effects (decompression of 


. the hypertensive right ventricle and augmentation of the 


systemic blood flow) from experimentally created right- 
to-left shunting in a dog model of pulmonary hyperten- 
sion. Rich and Lam’ reported early favorable hemody- 
namic results in a 22-year-old woman with primary pul- 
monary hypertension in whom right-to-left shunting was 
created by septostomy. Nihill et al. have presented 
favorable results in eight patients treated with blade and 
balloon atrial septostomy for terminal cor pulmonale. 
Interestingly, patients referred for heart-lung transplan- 
tation have survived longer if they have a patent foramen 
ovale.’ Our case provides further evidence that palliation 
for refractory right-sided heart failure from pulmonary 
hypertension may be achieved by atrial septostomy. We 
believe that atrial septostomy may prove to be an impor- 
tant adjunct to the therapy for pulmonary hypertension 
and associated right-sided heart failure. 
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P wave alternans 
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Johannesburg, South Africa 


. Electrical alternans refers to changes in amplitude and/or 


the form of the electrocardiographic (ECG) deflections 
manifesting in alternate beats. The alternans may affect 
any one or a combination of the ECG deflections. The 
most common form is alternation of the QRS complex. 
The phenomenon may also affect the T wave,! the ST 
segment,’ and the U wave.’ The following presentation 
reflects a case of P wave alternans, the first case where this 
diagnosis is convincing. 

Case report. The ECG from a 69-year-old man. with 
acute pulmonary embolism was recorded. The ECG 
recorded on admission to the hospital (Fig. 1) shows the 
following features: (1) Sinus tachycardia. The P-P inter- 
vals measure 0.54 second, representing a rate of 110 
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beats/min. (2) Constant P-P intervals. The P-P intervals 
are virtually constant; the variations in cycle length do not 
exceed 0.03 second. Moreover, these slight variations do 
not occur with alternate cycles. (3) Right atrial enlarge- 
ment. Right atrial enlargement is reflected by the tall and 
peaked P waves in standard leads I and II and lead AVF. 
(4) Subendocardial injury. Subendocardial injury is 
refiected by marked ST depression in standard leads I, H, 
and II, and in leads aV;, Va, Va and Ve. (5) P wave 
alternans. P wave alternans is reflected by alternation in 
the amplitude and shape of the P wave. This is best seen 
in standard leads II and III and lead aV, (Fig. 2, an 
enlargement of the leads displayed in Fig. 1). The larger 
amplitude P waves are also more peaked. Despite the 
alternation, the frontal plane P wave axis remains con- 


_stantly directed at +80 degrees. Alternation is not evident 


in the precordial leads. The ECG recorded 12 hours later 
(Fig. 3) no longer reveals the P wave alternans. Further- 
more, the sinus rate has decreased to 90/min, and the ST 
segment depression has largely regressed. 

Comments. The term “electrical alternans” should cor- 
rectly only be applied to changes in the amplitude and/or 
the form of the ECG deflections that occur in alternate 
beats. This reflects the so-called 2:1 electrical alternans. 
The term “alternans” has, however, also been applied to 
manifestations where changes occur every third or fourth 
beat, the so-called 3:1 and 4:1 electrical alternans, and 
even to more complex situations such as 5:2 alternans.‘ 


















































Fig. 1. Electrocardiogram recorded on admission to hospital (Lead V; was not recorded for technical 


reasons.) 
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Fig. 2. Enlarged representation of standard leads II and HI, and lead aV, in Fig. 1 to demonstrate the P 


wave alternans in greater detail. 


























Fig. 3. Electrocardiogram recorded 12 hours after admission. 


Such application could, however, be questioned. Thus the 
Oxford English Dictionary defines “alternate” as “(of 
things of two kinds) coming each after one (our italics) of 
the other kind...” 

To establish a diagnosis of P wave alternans, the 
following criteria must be met: (1) The P wave morpholo- 
gy must vary with alternate beats. (2) Both P wave forms 
must be compatible with sinus origin, i.e., (a) they must 


have the criteria usually associated with P waves of sinus ` 
origin and (b) the frontal plane P wave axis must be 
normally directed to the left inferior quadrant, (3) The P 


` wave forms must not differ markedly from each other. (4) 


The frontal plane P wave axis of the two P wave forms 
should be similarly directed and not vary markedly. This 
is because marked variation of the P wave axis is usually 
associated with a change in anatomic origin of the 
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Fig. 4. Diagrammatic representation of the postulated 
mechanism of electrical alternans. In the bottom diagram, 
Y represents the small region with longer refractoriness 
(as depicted in the upper diagram); X represents the rest 
of the atria, which have a shorter refractory period (as 
depicted in the upper diagram). (See text for discus- 
sion.) 


impulse. (5) The P-P intervals must be constant. This is 
because: (a) marked variations of the P-P intervals can 
result from atrial extrasystoles or atrial escape beats and 
(b) marked changes in sinus cycle length may be associ- 
ated with slight differences in P wave morphology. (6) The 
atrioventricular conduction should preferably be constant 
for both P wave forms. This is because the P wave 
morphology may differ minimally with second- or third- 
degree atrioventricular (AV) block. Such variation will 
depend upon changes in atrial haemodynamics that are 
related to: (a) whether the sinus impulse is conducted or 
blocked in second-degree AV block, particularly in 2:1 AV 


‘block and (b) the P:QRS relationship in third-degree AV 


block. The case presented here reflects all the aforemen- 
tioned criteria. In particular, it should be stressed that the 
P wave axis was constant for both forms of P wave. 

P wave alternans is extremely rare. To the best of our 
knowledge, only three cases have hitherto been reported.** 
The case of Scherf and Schott® (1958; their Fig. 140) 
cannot be accepted as a case of P wave alternans. This is 
because the P waves differ markedly in form as well as in 
frontal plane axis; the second form of P wave being a P’ 
wave that is clearly ectopic in origin. The case of Chung’ 
(1977; his Fig. 18.10) likewise shows marked variation of 
the P wave forms that makes the diagnosis questionable. 
The case of Bernreiter® (1956) reflects slight but definite 
and constant alternation of the P-P intervals, which would 
suggest the presence of atrial extrasystolic bigeminy. The 
present case would therefore appear to be the only one 
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where the diagnosis is tenable on the basis of the afore- 
mentioned principles. 

The mechanism of P wave alternans is unknown. It is 
worth noting that in the present case the P wave alternans 
occurs in association with acute pulmonary embolism. The 
increased pressure within the right atrium must clearly 
have played an important role in the genesis of this 
phenomenon. Fig. 4 illustrates a potential mechanism*’ 
that could be applicable to all forms of electrical alter- 
nans. The refractory period of a small region of the atria 
(as illustrated by Y in Fig. 4) is longer than that of the rest 
(as illustrated by X in Fig. 4). Impulse 1 depolarizes the 
entire atrial chambers. The ensuing refractory period of 
the small region (labeled Y in Fig. 4) is longer than the 
refractory period of the rest of the atria (labeled X in Fig. - 
4). Sinus impulse 2 thus encounters responsive atria 
except for the small region with increased refractoriness. 
Since depolarization of the entire atrial mass does not 
occur, the P wave form will differ minimally from the 
preceding P wave, and because the small region has not 
been depolarized by Impulse 2, it does not undergo further 
refractoriness. This region therefore has the opportunity 
to recover once again, and will be responsive to Impulse 3. 
As the entire atrial mass is depolarized by Impulse 3, the P 
wave will differ slightly from that of Impulse 2. 
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A simplified method for calculating mitral 
valve area using Doppler 
echocardiography 
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_ Noninvasive evaluation of the mitral valve area in mitral 


stenosis has been shown!“ to be both reliable and repro- 
ducible with two-dimensional echocardiography and 
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Fig. 1. Schematic (right) and actual Doppler spectral velocity tracing (left) as seen in mitral stenosis. 
Line A estimates the envelope of the velocity decay curve and includes the peak velocity (V,,) of flow across 
the mitral valve. Coordinates as indicated (see text). PT ?4 = pressure half time. 
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Fig. 2. Comparison of the mitral valve area (MVA) 
obtained by planimetry from two-dimensional echocardio- 
graphy (2D Echo) vs the mitral valve area calculated by 
the slope method from Doppler echocardiography. 


Doppler echocardiography. However, two-dimensional 
echocardiography is dependent on technically optimal 
studies, proper gain settings, and on locating the true 
orifice in the short-axis view, and thus is limited in its use 
in a significant portion of patients.** Doppler echocardio- 
graphy, that uses the pressure half-time method, has been 
shown! to be able to calculate accurately the mitral valve 
area, even in the presence of atrial fibrillation and mitral 
regurgitation. Because of the complexity of calculating the 
mitral valve area with the pressure half-time method and 
the multiple measurements required, we sought to find a 
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Fig. 3. Comparison of the mitral valve area (MVA) with 
Doppler echocardiography calculated by the slope method 
vs the pressure half-time method. 


simplified method of calculating mitral valve area with 
Doppler echocardiography. i 

We derived a new method to calculate the mitral valve 
area that uses the slope of the velocity decay and the peak 


`- velocity of mitral flow. This equation was derived as 


follows (Fig. 1). The equation of the line A is y= 
(slope) x + K, where K is a constant and, because it is the 
point where the line intercepts the y axis, it equals the 
peak velocity, or K = peak velocity (V,). We then have the 
equation V,/2 = V, + (slope)(PT 1/2), where PT 1/2 is the 
pressure half-time. We can then rearrange this equation to 
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Table I. Correlation matrix of interobserver and intraob- 
server variability between pressure half-time (PT 12) and 
slope method in calculating mitral valve area (MVA) 





MVA (cm?) MVA (cm?) 
PT % method Slope method r value 
Observer 1 1.42 + 0.54 1.26 + 0.54 0.95 
Observer 2 1.47 + 0.70 1.30 + 0.70 0.92 
r value 0.95 0.95 





obtain (slope)(PT 1/2) = V, — 0.707 V, or PT 1/2 = 0.293 
V,/(slope). Because the mitral valve area (MVA) accord- 
ing to the pressure half-time method equals 0.220 divided 
by the pressure half-time, we obtain 0.220/MVA = 0.293 
V,/(slope). Solving for the mitral valve area, we obtain 
MVA = 0.75(slope)/V,, MVA is defined in square centi- 
meters. We then used this formula to calculate MVA. 

Two-dimensional and Doppler echocardiographic 
studies were randomly selected from 32 patients with 
mitral stenosis, who have been previously reported. These 
32 subjects included 26 women and 6 men, aged 25 to 71 
years of age. Two-dimensional echocardiographic exami- 
nations were obtained in the standard parasternal short- 
axis view. The smallest obtainable orifice of the mitral 
valve in early diastole was visualized and multiple hard 
copies of this orifice were obtained and were then planim- 
etered to estimate the MVA. Doppler echocardiographic 
studies were performed from the apical window with both 
pulsed and continuous wave Doppler. The Doppler MVA 
was calculated by means of the pressure half-time method 
and the simplified method derived above. Three to five 
cycles were averaged in all cases with a dedicated echocar- 
diographic computer. In all cases the two-dimensional 
planimetered area and the Doppler calculated MVAs were 
calculated independently, in a blinded fashion by two 
observers. 

The MVA as determined by two-dimensional echocar- 
diography was 0.48 to 3.4 cm? (mean 1.36 + 0.60 cm?). The 
MVA as determined by Doppler echocardiography with 
the pressure half-time method is compared to the MVA as 
determined by the slope method in Table I. As shown, 
there was an excellent correlation, both between observers 
and by the same observer with either the pressure half- 
time or the slope method by Doppler echocardiography. In 
addition, there was a good correlation between the MVA 
determined by two-dimensional echocardiography and the 
MVA determined by the slope method (r = 0.87, Fig. 2). 

In calculating the MVA with the Doppler slope method, 
care must be taken to include the maximum point repre- 
senting the peak velocity and to average the envelope of 
mitral valve flow when drawing the slope line (Fig. 1). In 
all but two of the patients, a straight line accurately 
represented and clearly defined the envelope of the Dopp- 
ler signal. In these two patients, there was a curve in the 
slope of the envelope of the mitral valve flow, and the 
slope method then produced a calculated MVA that was 
smaller than that determined by the pressure -half-time 
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method. In these two patients, the mitral stenosis was 
mild, with calculated MVAs of approximately 2.5 cm’. As 
shown in Fig. 3, the slope method calculated a slightly 
smaller mitral area in those patients with mild mitral 
stenosis (greater than 2 cm?) as compared to the pressure 
half-time method. There is an excellent correlation 
between all three methods when the calculated MVA is 
less than 2.0 cm’. 

Furthermore, many currently available software pack- 
ages on commercially available equipment measure the 
pressure half-time from the computer-derived slope and 
peak velocity without clinical substantiation. With these 
data, we demonstrate that the slope method of calculating 
MVA is equivalent to the pressure half-time method, both 
in reliability and in reproducibility, though it will produce 
a smaller calculated MVA with large valve area or in 
patients who do not have a linear decay of mitral velocity. 
We conclude that the Doppler slope method is less 
time-consuming and thereby provides a technically sim- 
pler method of calculating MVA by Doppler echocardio- 


graphy. 
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Paradoxical coronary embolism: Case 
report and review of the literature 


Achim Jungbluth, MD, Raimund Erbel, MD, 
Hans Darius, MD, Hans-Joachim Rumpelt, MD, 
and Juergen Meyer, MD. Mainz, W. Germany 


There is much controversy surrounding the use of the 
term “paradoxical embolism” in the literature. Some 
authors confine the nature of embolus to thrombotic 
material, ? whereas others include embolic material of any 
kind. Furthermore some use the term “paradoxical” 
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Fig. 1. Two-dimensional transesophageal echocardiogram with large secundum atrial septal defect 
(arrows). IAS, interatrial septum; RA, right atrium; RV, right ventricle; AO, aorta. 





Fig. 2. a, Right atrium with large secundum atrial septal 
defect and flat mural thrombotic residue (arrows). b, 
Right coronary artery completely occluded by filiform 
curled embolus (arrows). 


only to refer to “abnormal intracardiac communica- 
tions,”* >’ and others use the term to denote any passage 
from right to left circulation.*® We use the term “paradox- 
ical embolism” to describe a condition in which embolic 
material of any kind derived from the systemic venous 
system reaches the systemic arterial system by passing 
from right to the left circulation. Although paradoxical 


Table I. Cardiac catheterization data 





Oxygen saturation 


Position mm Hg Mean (%) 
Si LAET a S A L a 

Superior vena — — 31 
cava 

Inferior vena — — 29 
cava 

Right atrium 20/14 16 31 

Right 60/12 = 22 
ventricle 

Pulmonary 60/40 52 29 
artery 

Left atrium 20/13 15 49 

Left ventricle 150/12 = 41 

Ascending 150/80 101 — 
aorta 





embolism" %1 and coronary embolization," per se, are 
more frequently documented in the literature, paradoxical 
coronary embolization has occasionally been reported. In 
this article we will discuss a previously unreported case of 
paradoxical coronary embolism during cardiac catheter- 
ization. 

Case report. A 24-year-old primigravida with a normal 
medical history was well until that last trimester of 
pregnancy, when she noted a decrease in physical capaci- 
ty; however, no physician was consulted. At 38 weeks’ 
gestation she was delivered of a healthy girl at Wiesbaden 
City Hospital; cesarean section was performed because of 
an abnormal presentation. Although a previous echocar- 
diogram showed an enlarged right ventricle, no further 
diagnostic testing was performed because of the patient’s 
good condition. Four days after delivery she had severe 
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Fig. 3. a, Histologic section from Fig. 2, A showing right atrial myocardium and filiform thrombotic 
residue (*). (Original magnification X15.) b, Histologic section of embolus showing platelet-erythrocyte 


thrombus. (Original magnification X30.) 


cyanosis, tachypnea, and tachycardia. Results of cardiac 
catheterization showed an atrial septal defect with a 
right-to-left shunt of 67% and no evidence of a left- 
to-right shunt (Table I). At that time, a ventilation- 
perfusion scan showed no defects compatible with pulmo- 
nary embolism. After a brief period of improvement her 
condition again deteriorated. She was admitted to the 
University Hospital in Mainz for further testing. 

Results of physical examination at the time of admis- 
sion showed a somnolent young woman with severe cyano- 
sis, tachypnea, and tachycardia (Po, 28 mm Hg, Pco, 30 
mm Hg, and 62% oxygen saturation). Coagulation values 
were within normal limits. Echocardiography confirmed 
the diagnosis of atrial septal defect (Fig. 1) and wide 
dilatation of the pulmonary arteries. Because of the 
patient’s steadily deteriorating condition emergency cath- 
eterization was performed to rule out pulmonary embo- 
lism. A guide wire was passed through the right internal 
jugularis vein catheter, which had been inserted 4 days 


previously. This was removed and a pigtail catheter (7 
French) was inserted over the wire. When the catheter had 
been introduced up to approximately 10 cm, abrupt 
cardiac arrest occurred. Cardiopulmonary resuscitation 
was unsuccessful. 

At autopsy the heart weighed 350 gm and had a large 
secundum atrial septal defect (Fig. 2). The myocardium of 
the right ventricle was 8 mm thick with fatty degenera- 
tion. The endocardium of the right atrium had an area of 
flat mural thrombotic material (25 X 3 mm) reaching into 
the distal portion of the superior vena cava. A filiform 
thrombotic residue could be seen at its cranial end (Fig. 2, 
A). The right coronary artery was completely occluded by 
a filiform embolus, measuring 60 X 2 X 2 mm, lying curled 
in the vessel (Fig. 2, B). It was easily removed disclosing a 
smooth underlying intima. No atherosclerosis was seen in 
the coronary arteries or any other artery. Histologic 
sections of the embolus and the mural residue in the right 
atrium had a similiar histologic pattern composed of a 


882 


Brief Communications 


Table Il. Paradoxic coronary embolism 


Underlying Site of Nature of 
Reference Sex Age (yr) disease embolus embolus Source of embolus 
a 8 ga ee ee ek 
Marchand? (case 1) M 69 Syphilis LCA Thrombus Veins/right lower limb 
Abrikossoff"? M Newborn Birth injury LAD Brain tissue Cerebellum 
Wolff and (case 11) F 43 Ovarian carcinoma LAD Thrombus Pelvic veins 
White” 
Thompson and (case 5) M 25 Malignant LCA, Tumor emboli Malignant teratoma 
Evans” teratoma RCA 
Saphir” M 35 Bronchopneumonia LAD Thrombus Right femoral vein 
Jacobi et al.” F 47 Thrombosis LAD Thrombus Left femoral vein 
Vimtrup™ (case 2) F 68 Cardiac failure RCA Thrombus Right auricle 
Facquet et al.* case 1 F 27 Criminal abortion t Air Intrauterine air 
(cases 1-3) case 2 F 33 Criminal abortion si Air insufflation 
case 3 F 36 Criminal abortion ig Air 
Elliott and (case 2) F 24 Puerperal sepsis LAD Air Accidental lung injury 
Beamish” during laparotomy 
Blanck and (case 1) M 51 Phlebothrombosis RCA Thrombus Veins/left leg 
Olanders”’ 
(case 2) F 62 Phlebothrombosis LAD Thrombus Veins/right leg 
From et al? F 16 Persistent truncus LAD Thrombus Cardiac 
arteriosus catheterization 
Hildebrand and F 74 Hypertension LCA Thrombus Veins/lower limbs 
Jénsson* 
Watt’ M 75 Bronchial LCA Thrombus Femoral veins 
carcinoma 
Steiger et al* F 23 Atrial septal defect LAD Thrombus (presumptive) ? 
Wiecking” F 66 Pelvic fractures LCA Thrombus Pelvic or femoral 
veins (presumptive) 
Meister et al.’ (case 2) F 22 Thrombophlebitis RCA Thrombus (presumptive) Both popliteal veins 
(case 4) F 46 Thrombophlebitis RCA Thombus Lower limbs 
Cheng! (case 2) M 45 Phlebothrombosis 7 Thrombus v. tibialis post. 
Gronert et al.° F 36 Meningioma “Diffuse” Air Neurosurgery 
Horrow and F 60 Tetralogy of Fallot +t Air Venous cannulation 
Laucks*! 
Clayton et al.? (case 1) M 7 Medulloblastoma Not stated Air Neurosurgery 
(case 2) M 53 Posterior fossa Not stated Air Neurosurgery 
tumor 
Loire and F 77 Not stated LCX Thrombus Not stated 
Tabib‘ 
Present case F 24 Atrial septal defect RCA Thrombus Cardiac 
catheterization 
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LCA, left coronary artery; LAD, left anterior descending artery; RCA, right coronary artery; LCX, left circumflex artery; PEEP, positive end-expiratory pressure. 
*ECG showing anteroseptal ischemia. 

tECG showing myocardial infarction. 

TECG showing ST segment elevation in lead 5. 


Right-to-left 
communication 


Foramen ovale 
Foramen ovale 
Foramen ovale 
Foramen ovale 
Formen ovale 


Foramen ovale 
Foramen ovale 

9 

? 

? 
Foramen ovale 
Foramen ovale 
Foramen ovale 
Persistent truncus 

arteriosus 
Foramen ovale 
Secundum atrial 
septal defect 
Atrial septal 
defect 
Foramen ovale 
Secundum atrial 
septal defect 
Secundum atrial 
septal defect 


Foramen ovale 


Foramen ovale 


Mechanism of 
right-to-left 
shunt 


Pulmonary 
embolism 
Embolism sub 
partu 
Not stated 


Not stated 


Pulmonary 
embolism 

g 
Not stated 

T 

? 

? 
Pneumothorax 


Pulmonary 
embolism 
Pulmonary 
embolism 
Persistent truncus 
arteriosus 
Pulmonary 
embolism 
Pulmonary 
embolism 
Normal 
intracardiac 
pressures 
“Moderate 
emphysema 
of the lungs” 
Pulmonary 
embolism 


Not stated 


Pulmonary 
embolism 

Pulmonary 
embolism; 
positive 
pressure 
ventilation/ 
PEEP 


Ventricular septal defect/ 
tetralogy of Fallot 


Foramen ovale 


Pulmonary 
embolism 


Secundum atrial septal 
defect (2 cm) 


Diagnosis 


a 


Autopsy 
Autopsy 
Autopsy 
Autopsy 
Autopsy 


Autopsy 
Autopsy 
ECG 
ECG 
ECG 
Autopsy 


Autopsy 
Autopsy 
Autopsy 
Autopsy 
Autopsy 


ECG/ 
cineangiogram 


Autopsy 


ECG/coronary 
arteriography/ 
autopsy 

ECG/coronary 
arteriography 

ECG/heart 
catheterization 

Autopsy 


Cardiac 
catheterization 
ECG/ 
stethoscopy 

ECG/stethoscopy 

ECG 


Autopsy 


Autopsy 


aaalllt 
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lamellar platelet-erythrocyte thrombus (Fig. 3). No other 
thrombotic or embolic changes were found in the entire 
vascular tree or in the heart. 

Comment. Paradoxical coronary embolism is an uncom- 
mon diagnosis. Since it was first described by Marchand," 
in 1894, a total of 27 cases have been reported in the 
literature (Table II).*7 1%? According to the criteria 
of Johnson,” paradoxic coronary embolism must be con- 
sidered “proved” when an embolus is found lodged in the 
abnormal communication between the systemic arterial 
and systemic venous system. It must be considered “pre- 
sumptive” when the findings include a source of embolus 
in the venous system, an abnormal communication 
between right and left circulation, and systemic emboliza- 
tion without evidence of a source of embolus in the left 
side of the heart. 

In 16 cases* 47-16 1824.26,27,29.30 in addition to ours the 
diagnosis of paradoxical coronary embolization was estab- 
lished at autopsy. One case” diagnosed during life was 
later confirmed at autopsy. Nine cases'®*:*5!® have 
been identified before death. It is interesting that among 
the latter there were six”:*"*? (of eight in the literature) 
patients in whom air was the nature of the embolus, thus 
suggesting a better prognosis compared to the other cases 
of paradoxical coronary embolization in our review. 
According to the criteria of Johnson” only two cases 
(Thompson and Evans”! and Hildebrand and Jönsson’) 
could be considered “proved.” 

With regard to the nature of the embolus, the major 
source of embolic material is thrombi (16 cases in the 
literature!” 16. 18 20.2224,27-29/plus our patient) mostly de- 
rived from the branches of the inferior vena cava (12 
cases)! >47. 18 20,22,23,27,29 in patients with different kinds of 
underlying diseases, often predisposing to phlebothrom- 
bosis. Thrombogenesis associated with intravascular cath- 
eters is a well-known clinical problem® that is also famil- 
iar to anyone performing postmortem examinations. The 
report most comparable to ours was that of From et al., 
who described a case of paradoxical coronary embolism 
after cardiac catheterization in a young woman with a 
persistent truncus arteriosus; however, they concluded 
that “whether the coronary embolus was paradoxical 
cannot be determined and in view of the anatomic situa- 
tion is a moot point.” In our patient, a filiform thrombus 
had developed along the venous catheter, adherent to the 
endothelium only near the catheter tip located in the right 
atrium. Unfortunately cardiac catheterization was per- 
formed via the internal jugular vein because of suspected 
pulmonary embolism. The thrombus probably floated 
with the right-to-left shunt into the left side of the heart, 
still fixed at its distal end, and it was detached as the 
catheter tip reached the right atrium. The macroscopic 
and histologic similarity between the thrombotic residue 
in the right atrium and the embolus in the right coronary 
artery is striking. 

Other instances have been reported where the source, 
nature, shape, and site of the embolus clearly indicate its 
paradoxical character.!®?!* Abrikossoff™ described a case 
of brain tissue embolism in the descending branch of the 
left coronary artery after birth injury. According to the 
criteria of Johnson," this case would be considered pre- 
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Table Ill. Coronary arterial site of embolus in paradoxical coronary embolism 





Coronary artery site Nonair emboli Reference Air emboli Reference No. 
Left main 4 4, 7, 18, 29 
Left anterior descending 8 1, 3, 19, 20, 22, 23, 27, 28 1 26 
Left circumflex 1 16 4* 25, 31 
Right circumflex 5 2, 24, 24, present patient 
Both 1 21 
Diffuse 1 30 
Not stated 2 32 
Total 19 8 





*ECG findings. 


sumptive as would all reports of paradoxical air embo- 
lism,” 8332 because air would rarely be found lodged in 
the abnormal communication. Hence we would like to 
regard those cases as proved where the source of embolic 
material is found in the systemic venous circulation and 
no other source of embolus can be verified. 

Regarding the right-to-left communication, 13 
cases * 1818-24. 27.29 of nonair paradoxical coronary embolism 
documented in the literature showed a patent foramen 
ovale; four patients” * in addition to ours had an atrial 
septal defect, and one had a persistent truncus arteriosus.’ 
In the remaining eight patients” %.3-32 the nature of the 
embolus was air. Although in three of these patients”! 
an abnormal intracardiac communication was detected, 
the manner in which air gains access to the arterial 
circulation, that is, via the pulmonary circulation or via an 
intracardiac communication, is controversial. 2 °5 How- 
ever, they resemble true cases of paradoxical coronary 
embolism according to the definition used here. In two 
cases in the literature**! and in our patient, an abnormal 
communication between right and left circulation 
reflected the underlying disease that had led to medical 
procedures resulting in paradoxical coronary embolism. 

Some investigators have stressed the preponderance of 
the left coronary artery as the site of nonparadoxical 
coronary emboli®***’ (Table III). Interestingly in 
five™® 31 of eight patients with paradoxical air emboliza- 
tion, results of ECG or autopsy showed involvement of the 
left coronary artery. In these patients the air entered 
venous circulation when they were in a lying or sitting 
position. Hence the preponderance of the left coronary 
artery could be explained by its anterocranial exit from 
the ascending aorta. 

Inasmuch as air probably passes pulmonary circulation, 
a diagnosis of nonair paradoxical coronary embolization 
implies the presence of a right-to-left shunt. There are 
several conditions capable of producing either a transient 
or persistent elevation in the pressure in the right circula- 
tion. Of these the most common in our review was 
pulmonary embolism (10 cases).!:247 16 1822,27.30 In three 
patients**' in addition to ours right-to-left shunting 
occurred as a result of a septal defect or a vascular 
malformation. In six patients” 21.23.24.28 the mechanism of 
right-to-left shunting was not stated or could not be 
elucidated. However, some authors pointed out!:®!!:8 that 


right-to-left shunting might occur transiently and can 
only be detected by special catheterization techniques. 

Paradoxical coronary embolism is a rare diagnosis. It 
should be considered in patients with a combination of 
ischemic myocardial symptoms and a peripheral venous 
source of embolus. The present case stresses the need to 
minimize any long-term placement of an intravenous 
catheter in central locations in patients with a predomi- 
nant right-to-left shunt, since this procedure may lead to 
systemic arterial embolism. 
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Diagnosis of anomalous left coronary 
artery from the pulmonary trunk by color 
Doppler echocardiography 


Charles E. Canter, MD,* Fernando R. Gutierrez, MD,” 
Thomas L. Spray, MD, and Thomas C. Martin, MD.* 
St. Louis, Mo. 


Echocardiography is a sensitive method for the diagnosis 
of an anomalous origin of the left coronary artery from the 
pulmonary trunk in infancy if the artery can be clearly 
visualized as arising from the main pulmonary artery.’ 
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However, false negative echocardiographic examinations 
resulting in failure to diagnose this condition have been 
reported. We report the use of color Doppler to diagnose 
prospectively the presence of this rare anomaly in the 
absence of other echocardiographic findings. 

This 3-month-old female was admitted to Children’s 
Hospital in congestive heart failure after a 1-month 
history of progressive tachypnea. Two-dimensional echo- 
cardiography revealed the presence of a dilated, poorly 
contracting left ventricle. A modified parasternal short- 
axis view was used (as previously described’) to visualize 
the coronary anatomy. The right coronary artery was 
dilated, and there was no evidence of a left coronary artery 
arising from the aorta. However, the origin of the left 
coronary artery could not be clearly seen. Pulsed and color 
Doppler recording in the main pulmonary artery did not 
show a flow disturbance. These findings led us to suspect 
the presence of an anomalous left coronary artery arising 
from the pulmonary trunk. Digoxin therapy was started 
and the baby improved. 

Two months later, a new systolic murmur was heard 
that had not been heard on the initial presentation. At this 
time echocardiography again did not demonstrate an 
origin for the left coronary artery from either the aorta or 
the main pulmonary artery. Color Doppler examination 
revealed the presence of a sharply defined mosaic multi- 
colored jet in the main pulmonary artery in systole and 
diastole, emanating from the left posterior quadrant of the 
main pulmonary artery and coursing next to the right wall 
(Fig. 1). This abnormal jet was similar to one we had 
previously seen in an older patient with angiographically 
proven anomalous left coronary artery rising from the 
pulmonary trunk. Cardiac catheterization and angiogra- 
phy confirmed the presence of the anomalous origin of the 
left coronary artery from the pulmonary artery. Successful 
direct reimplantation of the left coronary onto the aortic 
root was performed. 

Recent surgical results‘ have indicated that the ischem- 
ic cardiomyopathy in infancy resulting from an anomalous 
left coronary artery can be reversed with early surgery. An 
accurate method to distinguish this rare congenital anom- 
aly from other causes of dilated cardiomyopathy is there- 
fore desirable. The diagnosis can be made by visualizing a 
left main coronary artery directly arising from the pulmo- 
nary artery. Robinson et al.? and Menaham et al.’ have 
reported that a false negative echocardiographic examina- 
tion occurs when the left coronary artery appears to arise 
from the left coronary cusp of the aorta. Robinson et al. 
felt that this structure was likely a transverse sinus of the 
pericardium. Aortography is the definitive diagnostic test 
in this condition. Angiographic diagnosis depends upon 
nonvisualization of a left coronary artery from the aorta as 
well as the filling of a left coronary artery and main 
pulmonary artery retrograde via collaterals from a right 
coronary artery. If collaterals are poorly developed, this 
retrograde filling by angiography may not occur and the 
diagnosis may be missed.’ 

In our case, color Doppler echocardiography visualized 
an abnormal continuous color jet arising from the left 
posterior quadrant of the main pulmonary artery although 
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Fig. 1. Modified parasternal short-axis view of the aorta and main pulmonary artery (MPA) demonstrat- 
ing a color Doppler jet of blood coursing from the posterior to the anterior aspect of the MPA from the 
anomalous left coronary artery. A = anterior; P = posterior; R = right; L = left. 


the left main coronary artery could not be visualized 
arising from the pulmonary artery. Conventional pulsed 
Doppler echocardiography has also been successfully used 
to diagnose this condition.’ However, our color flow study 
indicated that the abnormal jet of blood from the anoma- 
lous coronary artery coursed close to the wall of the 
pulmonary artery. This close adherence to the vessel wall 
might make diagnosis by conventional pulsed Doppler 
examination difficult. The jet clearly arose from the 
posterior aspect of the main pulmonary artery, and this 
was clearly different from the color jet of the patent 
ductus arteriosus that arises from the superior aspect of 
the pulmonary artery.® 

Our failure to identify this jet in our initial color 
Doppler echocardiogram suggests that at that time there 
was very little left-to-right flow from the right coronary 
artery through collaterals to the anomalous left coronary 
artery. The development of a murmur in the interval 
supports the concept that during the 2-month period 
between initial evaluation and subsequent examination, 
collateral blood supply increased, with the development of 
a definite left-to-right shunt and a murmur. Color Dopp- 
ler does have the potential for false negative diagnosis if 
there is inadequate collateralization from the right coro- 
nary artery or elevated pulmonary vascular resistance. 

Anomalous left coronary artery arising from the pulmo- 
nary trunk is a treatable cause of cardiomyopathy, and its 
diagnosis should always be considered in any infant or 
child with dilated cardiomyopathy. A combination of 
electrocardiography, conventional and color Doppler 
echocardiography, and angiography should be used to best 
ensure that the diagnosis will not be missed. 
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Right coronary artery fistula into right 
atrium: Diagnosis by color Doppler 
echocardiography 
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The clinical diagnosis of coronary artery fistula (CAF) is 
suggested by a continuous murmur at a location atypical 


From Cathay General Hospital, Division of Cardiovascular Disease. 
Reprint requests: Wun-Liang Ke, MD, Cathay General Hospital, Cardio- 
vascular Division, 280, Sec. 4, Jen-Ai Road, Taipei, Taiwan, Republic of 
China. 


Volume 116 
Number 3 


391503-7 


voL CAMMA REJECT DOP 
ANGLE 


391503-7 





Brief Communications 887 


SF MX4 02226 .& 


HR=141 


Fig. 1. A, Upper panel, 2-D parasternal short-axis view shows a dilated, tortuous right coronary artery 
(RCA). B, Lower panel, 2-D subcostal long-axis view shows a dilated, tortuous RCA from right sinus of 
Valsalva. LA = left atrium; LV = left ventricle; AO = aorta; RV = right ventricle; RA = right atrium. 


for a patent ductus arteriosus. Recently, CAF has been 
diagnosed by two-dimensional (2-D) echocardiogram”? 
and by Doppler echocardiogram.*” 

A 15-day-old male newborn was referred to Cathay 
General Hospital because of cardiac murmur. Physical 
examination disclosed a grade 3/6 continuous murmur at 
the right middle sternal border and slightly bounding 
axillary and femoral arterial pulses. Chest roentgenogram 
showed moderately enlarged cardiac silhouette and mini- 
mally increased lung markings. A 2-D echocardiogram 
disclosed a markedly dilated tortuous right CAF arising 


from the aorta in the parasternal short-axis view (Fig. 1, 
A) and the subxiphoid long-axis view (Fig. 1, B). Color 
Doppler echocardiogram revealed a large amount of flow 
within the dilated right CAF and mosaic echoes at the 
junction of distal fistula and right atrial (RA) cavity, 
which represents the site of drainage (Fig. 2, A and B). 
The pressure gradient of 39 mm Hg between distal right 
CAF and RA was detected by continuous wave Doppler. 
An aortogram revealed right CAF drain into the RA (Fig. 
3). Subsequently, the patient underwent surgery and a 
dilated and slightly tortuous right CAF that drained into 
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Fig. 2. A, Upper panel, Doppler color flow mapping parasternal short-axis view demonstrates large 
amount of flow encoded as an orange-red color within the dilated right coronary artery (RCA) and mosaic 
echoes at the junction of distal fistula and right atrial (RA) cavity. B, Lower panel, Doppler color flow 
mapping subcostal four-chamber view; orange-red color near the interatrial septum denotes the flow of 
superior vena cava (SVC) draining into the RA. Mosaic echoes within the RA denote some abnormal 


drainage into RA. AO = aorta; LA = left atrium. 


the base of the RA appendage near the atrioventricular 
sulcus was found. 

2-D Doppler echocardiogram can easily visualize a 
dilated CAF"? and detect the turbulent flow within the 
lumen.*’ In this case the color Doppler echocardiogram 


could directly visualize the direction of flow and further 
demonstrated the existence of mosaic echoes at the 
entrance of CAF. However, abnormal mosaic echoes with- 
in the RA cavity may also be seen in some other condi- 
tions, such as tricuspid regurgitation, abnormal pulmo- 
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Fig. 3. Aortogram shows a dilated right coronary artery 
(rca) and a narrow distal drainage (white arrow) into the 
right atrium (ra) (arrowhead). ao = aorta. 


nary venous drainage into the RA, rupture of sinus of 
Valsava into the RA, and abnormal collateral artery 
drainage into the RA. 
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‘“‘Quadricuspidization”’ of a previously 
three-cuspid aortic valve 


Jessica M. Mann, MD, and William C. Roberts, MD. 
Bethesda, Md. 
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Quadricuspid aortic valves have always been described as 
congenital in origin.'* Surgical manipulation of a previ- 
ously normal tri-cuspid aortic valve may transform the 
latter into a quadricuspid valve. Such was the case in the 
patient described below. 

R.B., a 39-year-old man, was found at age 13 years to 
have discrete subaortic stenosis with a left ventricular 
(230/8 mm Hg)-to-aortic (96/60 mm Hg) peak systolic 
pressure gradient of 134 mm Hg. The cardiac index was 
3.6 L/min/m2. When he was 13 years old he underwent 
resection of a subaortic “membrane” by Dr. Andrew G. 
Morrow. At operation, the aortic valve was described as 
tri-cuspid and each cusp was normal. The patient was 
asymptomatic after operation. At age 16, no peak systolic 
pressure gradient between the left ventricle and the aortic 
valve was present, but an aortic angiogram disclosed 
2+/4+ aortic regurgitation. At age 30, he had several dizzy 
spells and a Holter monitor disclosed multifocal ventricu- 
lar premature complexes and runs of ventricular tachycar- 





Fig. 1. View of the acquired quadricuspid aortic valve 
from the aorta. The four cusps are thickened by fibrous 
tissue and some degree of commissural fusion is present. 
Arrows point out the four commissures. The accessory 
cusp is posterior and smaller than the “true” posterior 
cusp. LM = left main coronary artery; R = right coronary 
artery. 
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_ dia. Serial echocardiograms showed anterior mitral leaflet 
flutter and progressive left ventricular dilatation, with a 
left ventricular diastolic dimension increasing from 66 to 
80 mm and the systolic dimension increasing from 38 to 58 
mm. He died suddenly at home at age 39. At necropsy, the 
heart weighed 560 gm. The left ventricular outflow tract 
was not narrowed. No foci of myocardial fibrosis or 
necrosis were present. The aortic valve was quadri-cuspid 
with two posterior cusps of unequal size (Fig. 1). The 
coronary arterial system was right-dominant, and all three 
coronary arteries had wide-open lumens. 

Although there are no photographs to document the 
appearance of the aortic valve at operation 26 years before 
death, the surgeon, Andrew G. Morrow, was an excellent 
describer of both normal and abnormal cardiovascular 
findings at operation, and consequently there can be little 
doubt that the aortic valve consisted of three normal cusps 
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at that time. Aortic regurgitation was noted for the first 
time 2 years after operation, and it persisted for the 
remaining 24 years of life. Thus operative manipulation of 
the aortic valve during operative resection of discrete 
subaortic stenosis can lead to transformation of a tri- 
cuspid into a quadricuspid aortic valve. 
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The decision to perform coronary bypass 
surgery in women. What are the facts? 


Richard Clinton Becker, MD, Jeanne M. Corrao, RN, BSN, and 


Joseph S. Alpert, MD. Worcester, Mass. 


Coronary heart disease (CHD) accounts for 28% of 
all deaths among women in the United States. 
Developing trends in tobacco abuse by women, given 
the established role of cigarette smoking in the 
evolution of symptomatic CHD, including angina 
pectoris, nonfatal myocardial infarction, and sudden 
cardiac death,? may ultimately abridge the ob- 
served progressive decline in CHD incidence and 
mortality that began approximately two decades 
ago.® 

Data obtained from the National Hospital Dis- 
charge Survey‘ have shown that the age-adjusted 
utilization rate for cardiac catheterization has 
steadily increased for both men and women. How- 
ever, the overall number of men undergoing cardiac 
catheterization still exceeds women by an almost 3:1 
margin.‘ During the years 1979 to 1983, the inci- 
dence of coronary bypass surgery in the United 
States increased by 42% in men and 82% in women; 
this may reflect an older surgical patient population. 
Annual trends revealed a progressive increase in the 
rate of bypass surgery through ages 55 to 64 in men 
and ages 64 to 74 in women, reflecting a chronologic 
delay in the occurrence of symptomatic CHD in 
women. Despite an increase in the overall rate of 
bypass surgery in women, sex-adjusted rates for all 
persons 35 to 74 years of age undergoing bypass 
surgery favored men in a ratio of 4:1.‘ This observed 
difference may indeed reflect a higher prevalence of 
CHD in men’; however, a recent study by Tobin et 
al. has raised the question of sex bias in the 
selection of potential bypass surgery candidates, 
citing decreased referral for diagnostic coronary 
angiography in women independent of age, previous 
myocardial infarction, presence of typical angina 
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pectoris and/or documented exercise-induced wall 
motion/thallium abnormalities.® 

Coronary bypass surgery is an important thera- 
peutic option in the management of CHD for both 
men and women. However, the overwhelming major- 
ity of the medical community’s knowledge concern- 
ing this important area has been derived from 
operative experience in men. In each of the major 
trials comparing medical with surgical treatment of 
CHD in which a favorable outcome was reported, an 
improvement in symptoms and/or an increase in 
long-term survival occurred in patients treated sur- 
gically. As of this moment, the accepted criteria for 
surgical treatment of patients with CHD include: 
debilitating angina pectoris either unresponsive to 
medical therapy or accompanied by unacceptable 
drug side effects’; three-vessel coronary artery dis- 
ease with normal? or abnormal®" left ventricular 
systolic function; significant (>50%) left main coro- 
nary artery stenosis’?”’; “left main equivalent” coro- 
nary disease accompanied by decreased left ventric- 
ular systolic function’*; two-vessel coronary artery 
disease (including a >70% proximal stenosis of the 
left anterior descending coronary artery, resting 
ECG abnormalities, and/or inducible ischemia)*; 
and unstable angina pectoris with left ventricular 
dysfunction.’ However, of interest and concern, 
each of the aforementioned trials upon which the 
established criteria are based either excluded or 
underrepresented women to the point that gender 
comparisons and/or separate data analyses were not 
possible. In fact, not one of the major trials provided 
findings from which specific indications for bypass 
surgery in women may be established. Therefore at 
the present time the majority of physicians, not only 
in the United States but in other countries as well, 
who are involved in decision-making processes for 
women with CHD are, in reality, extrapolating data 
obtained from surgical experience in men when 
determining if bypass surgery should be per- 
formed. 
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Although specific indications for coronary bypass 
surgery in women with CHD have not been estab- 
lished, a number of important observations have 
been made. The clinical outcome following bypass 
surgery is less favorable in women than in men. 
Women are less likely to obtain a symptomatic 
improvement, most likely as a result of decreased 
rates of complete revascularization, early graft 
patency, and late graft patency.”® Observed differ- 
ences are consistent across all age ranges, including 
the elderly. A smaller body surface area and 
vessel caliber in women may explain these findings.”! 
Furthermore, operative mortality, including the first 
30 postoperative days, is higher in women than in 
men””?.6.27 despite well-preserved left ventricular 
function as determined at the time of preoperative 
cardiac catheterization. Elderly women have a par- 
ticularly high operative mortality,» as do women 
with left main coronary artery stenosis accompanied 
by an elevated left ventricular end-diastolic pres- 
sure.” 

The decision to perform coronary bypass surgery 
should, under ideal circumstances, be based on 
established criteria. However, it seems unlikely that 
a randomized trial comparing medical vs surgical 
treatment of women with CHD will be performed in 
the future. As physicians and health care providers 
practicing medicine in a country in which CHD is 
the leading cause of death and five to six million 
individuals suffer from chronic, symptomatic coro- 
nary disease, we will most likely continue to recom- 
mend bypass surgery to patients in whom it seems 
indicated, regardless of gender. Yet we must be 
aware that the area of CHD in women in general 
and coronary bypass surgery in particular has been 
inadequately explored. Data obtained from bypass 
surgery protocols must be carefully analyzed to 
define the overall benefits in women. The establish- 
ment of a national or international registry as a 
means to compare treatment modalities should be 
considered to help define specific indications for 
bypass surgery in women. We must intensely inves- 
tigate the increased surgical morbidity and mortali- 
ty rates in women, particularly in the elderly popu- 
lation in whom surgery will be considered at an 
increasing rate in the future. Lastly, a critical analy- 
sis must be undertaken to identify problems within 
the current evaluation process that may be biasing 
the decision to consider women as bypass surgery 
candidates. 
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Pacemaker-induced superior vena cava 
syndrome: Consideration of management 


Timothy Blackburn, MD, and Marvin Dunn, MD. Kansas City, Kans. 


The superior vena cava (SVC) syndrome is an 
unusual but important complication of transvenous 
endocardial pacing. Transvenous pacemakers have 
been used for over 20 years, and it is estimated that 
over one million of these devices have been 
implanted.' There are less than 25 case reports in 
the literature describing the SVC syndrome as a 
complication of cardiac pacing. As a result, the best 
method of treatment for this potentially lethal 
condition remains unclear at this time. We present a 
case report of a patient recently treated at our 
institution. The clinical course in this case is charac- 
teristic of the reports in the literature and raises 
several points for discussion. 

Exemplary patient. A 59-year-old man who had 
mitral and aortic valve prostheses for rheumatic 
heart disease presented for evaluation of facial 
edema and erythema including the periorbital areas. 
The patient had taken a trip to Florida from which 
he returned 3 weeks prior to admission. Just prior to 
leaving Florida, he noticed the onset of facial edema 
and erythema, which he attributed to sun exposure 
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and possibly to photosensitivity from amiodarone 
that the patient was taking for refractory supraven- 
tricular arrhythmias. The patient was seen by his 
primary care physician upon return from his trip. At 
that time he also complained of a dull, low-grade 
headache and a feeling of fullness in his head. 
Examination was remarkable only for the facial 
edema and erythema, and for prosthetic first and 
second heart sounds. Laboratory studies were nor- 
mal. The amiodarone was discontinued and the 
patient was scheduled to return in 2 to 3 weeks. 

At the follow-up visit, the patient had persistence 
of the previously described symptoms. Physical 
examination was now remarkable for bilateral arm 
edema, varicosities of the superficial veins of the 
chest and posterior deltoid region, as well as of the 
hypogastric and epigastric veins of the abdomen. 
Marked facial and periorbital edema and chemosis 
were present, and the patient complained of fatigue 
of several days’ duration. He was admitted for 
evaluation and treatment of SVC syndrome. 

The past medical history was remarkable for 
rheumatic heart disease. “Inflammatory rheuma- 
tism” was diagnosed at age 10. Twenty-six years 
later, the patient required mitral valvulotomy, and 
at age 46 a tranvenous endocardial pacemaker was 
placed for sick sinus syndrome. The entire pacing 
system required replacement after 4 years. At age 
55, 9 years after the original pacemaker placement, 
another replacement was necessary due to pace- 
maker lead fracture resulting in pacemaker failure. 
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This time the old lead was firmly adherent to the 
endocardium and could not be removed. It was 
severed with the free end resting in the SVC. 

In 1987, at the age of 58, the patient had a St. Jude 
mechanical aortic valve implanted and replacement 
of the previously positioned Starr-Edwards mitral 
valve with a St. Jude valve. At the time of surgery, 
the patient was noted to have considerable stenosis 
of the SVC just above the right atrium. This made 
the passage of a Swan-Ganz catheter difficult, and 
passage of a finger retrograde from the right atrium 
was impossible. Because there were no related symp- 
toms, repair of this lesion was not deemed necessary 
at the time. Postoperative venacavogram revealed 
stenosis of the SVC without thrombosis or extensive 
collaterals. 

The patient did quite well from the time of his 
valve replacements until this admission, which was 
18 months later. He had been maintained on warfa- 
rin because of the prosthetic valves, and the pro- 
thrombin time remained remarkably stable at 17 to 
17.5 seconds. On admission, a computerized tomo- 
gram of the chest was obtained to exclude extrinsic 
compression of the SVC. No masses were seen, but 
several varicosities were noted in the cervical and 
superior mediastinal regions. A superior venacavo- 
gram was obtained and was compared to the previ- 
ous study. There was now thrombosis involving the 
proximal SVC, both innominate veins, and both 
subclavian veins. Some collateral circulation was 
seen in the neck and chest wall, with dilated poste- 
rior intercostal veins and drainage into the azygos 
vein. 

A trial of fibrinolytic therapy was undertaken. 
The warfarin was discontinued and baseline studies 
were obtained that included a fibrinogen level of 240 
mg/ml and fibrin degredation products less than 40 
mg/ml. A bolus of 30,000 U of urokinase was given, 
followed by a continuous infusion of 90,000 U per 
hour. The dose was increased to 120,000 U per hour 
to maintain a fibrinogen level in the range of 80 to 
100 mg/ml, and the infusion was continued for a 
total of 6 days. Fibrin degredation products 
increased to more than 40 mg/ml. The patient had 
resolution of his headache, fatigue, and feeling of 
fullness. The edema of the face, arms, and cornea 
and the elevation of the jugular venous pulse were 
markedly improved. Repeat venogram showed com- 
plete clearing of the thrombus in the right subcla- 
vian vein, partial recanalization of the left subclavi- 
an and innominate veins, and patency with residual 
stenosis of the SVC. The patient received an addi- 
tional 6 days of heparin therapy and the warfarin 
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was reinstituted. The patient was discharged after 
the prothrombin time reached therapeutic levels. He 
has remained free of facial edema and continues to 
progress satisfactorily. 

Comments. The temporal course of events in this 
patient is similar to that in other reported cases. 
Thrombosis in the absence of coexistent stenosis 
tends to occur early.2 This has been seen with 
Hickman catheters and with Swan-Ganz catheters 
as well. When venous thrombosis occurs due to 
long-term indwelling venous catheters (Hickman- 
Broviac) or pacemaker leads, most thrombotic 
events occur within the first year of implantation. 
There is usually some stenosis at the site of throm- 
bosis when thrombosis occurs after 1 year. Similarly, 
when stenosis of the SVC reaches such severity as to 
become clinically apparent, it is usually associated 
with new thrombus formation. We could find few 
instances of stenosis causing the SVC syndrome 
without new thrombus formation.?* As stenosis of 
the SVC increases in severity, venous collaterals 
develop that reroute blood to the inferior vena cava. 
The combination of SVC stenosis and increased 
venous collaterals probably results in decreased 
SVC flow, which predisposes to thrombus forma- 
tion. However, it is difficult to be certain of the 
temporal relationship of the fibrotic narrowing and 
the thrombosis. A likely pathogenetic mechanism is 
thrombosis, followed by fibrous scarring, which 
causes SVC stenosis. When SVC blood flow is 
further reduced due to venous collateral formation, 
thrombosis reoccurs and results in total SVC occlu- 
sion and the SVC syndrome. 

Other typical features in this patient are the 
location of the stenosis and the presence of more 
than one pacemaker lead within the venous system. 
Although only one lead is necessary to cause the 
changes described above, several of the previously 
reported cases*’ were associated with the presence 
of more than one lead, usually one intact and one 
severed and retracted. 

The precise location of the stenosis in the segment 
of the SVC just above the right atrium is intriguing. 
Stoney et al. showed that venous occlusion can 
occur anywhere along the course of the pacemaker 
lead. Lagergren et al.,° in their study of autopsy 
cases, noted that whenever the leads came in contact 
with the vascular endothelial lining the lead was 
incorporated into the vessel and was overgrown by 
fibrous tissue and endothelium. A common area for 
this fibrosis was in the SVC just above the right 
atrium, at the site of the stenosis found in most 
reported cases, including our own.! 59 10,12,18,19 Tt ig 
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probable that this location is favored because of 
pacemaker electrode tension at this site. Since the 
pacemaker lead curves as it leaves the SVC and 
enters the right atrium and ventricle, it probably 
contacts the endothelial wall with tension at this 
point. This contact may result in fibrosis or even 
stenosis. It might be speculated that the presence of 
more than one pacemaker lead would increase con- 
tact with the endothelium and therefore cause more 
extensive fibrosis. Contact between the endothelium 
and the pacemaker lead could also occur during lead 
movement resulting from atrial or ventricular con- 
traction. The reason why fibrosis should develop in 
some patients to the point of occlusion of the SVC is 
yet to be explained, but pacemaker electrode tension 
may be a factor. 

The fact that our patient responded to fibrinolytic 
therapy 3 weeks after the onset of symptoms is of 
interest. The patients described in the literature 
who were successfully treated with thrombolytic 
therapy were treated very soon after presenta- 
tion.® ©"! It has been shown in studies of deep venous 
thrombosis that, in general, the less time that 
expires between the onset of symptoms and the 
initiation of thrombolytic therapy, the greater the 
likelihood of response. Theiss et al., in a study of 
deep venous thrombosis of the iliac and/or femoral 
veins, showed at least partial resolution of throm- 
botic occlusion in 94%, 82%, and 69% of patients 
with treatment occurring less than 3 days, 1 to 2 
weeks, and 3 to 4 weeks, respectively, after the onset 
of symptoms. Our patient received a partial re- 
sponse to urokinase that resulted in resolution of the 
clinical symptoms 3 weeks after onset. This is 
consistent with the results of the study of Theiss et 
al.}8 

Finally, other options for treatment of this condi- 
tion must be considered. The earliest cases were 
treated with bed rest and anticoagulation with hep- 
arin and subsequently with warfarin. Good results 
were obtained and many patients remained asymp- 
tomatic during a follow-up period of up to 36 
months.” Some of these patients were noted to 
have extensive superficial venous collaterals, reflect- 
ing redirection of venous return to the inferior vena 
cava. Surgical repair by thrombectomy and patching 
or replacement of the diseased segment of the SVC 
have been done successfully.'*'*° Thrombolytic 
therapy followed by anticoagulation with heparin 
and subsequently with warfarin has resulted in the 
resolution of thrombus and symptoms in several 
patients.**'" Recently,> angioplasty of the SVC 
has been used successfully to eliminate or reduce the 
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stenosis. We considered the possibility of bypassing 
the stenosis with a spiral vein graft formed from the 
saphenous vein. The graft would attach to the SVC 
above the stenosis and empty into the right atri- 
um. 
The decision to treat with fibrinolysis and antico- 
agulation in this case was mainly the result of the 
patient’s refusal to consider surgery or any proce- 
dure that could potentially lead to surgery. We 
therefore chose to maintain therapy with warfarin at 
a higher therapeutic dose in hopes that the SVC and 
venous collaterals opened by urokinase would 
remain patent. The patient remains asymptomatic 
after 2 months of follow-up. In addition to the 
symptoms of the SVC, pulmonary emboli, thrombo- 
sis of the dural venous sinuses, and death have been 
described.'* ” 

Conclusions. The SVC syndrome is an unusual 
complication of cardiac pacing that carries signifi- 
cant risk. The best method of treatment for this 
condition has not yet been determined. Several 
options for therapy have been discussed, all of which 
have been successful in the past. The patient pre- 
sented was successfully treated with fibrinolytic 
therapy after 3 weeks of symptoms, and he contin- 
ues to do well on warfarin therapy. 
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